&D 7 M 3 A 0 



ikhmnut 


fv: 

UUCP 718-177 


ENGINEERING DESIGN 
HANDBOOK 


EXPLOSIVES SERIES 
PROPERTIES OF EXPLOSIVES 

OF MILITARY INTEREST 




DMMMRTEiS, U. ARMY MATERtEL CIMMANO JMBUf 1S71 

o 












HEADQUARTERS 

UNITED STATES ARNY HATERIEL COMMAND 

Washington. d. c. zom 


AHC pampnie: 
No. 706-177* 


29 'anuary 1971 


ENGINEERING DESIGN HANDBOOK 
PROPERTIES OF EXPLOSIVES OF MILITARY INTEREST 


PRBFACI...* v 

ABBTOIATKXKS AND SYMBOLS. rii 

twmmcnm .,... 1 

tmt*u 60/20..... 12 

fcMtol, 60/40..... 14 

Am tol a 30/50. 16 


Nitrate.>...21 


Perchlorate. 

Plciate—See; Exploelve D 


Baratol. 

Barooal. 


Blacfc Ponder.. 3* 

l,2.<r-Butanetriol Trinitrate (BTTN) Liquid. 40 

Coopoeltlon A-3.,... . 43 

Coapoeltlo* B. 46 

Cocpoaltlon B, Deaensitized... 51 

Conpoaltion C. 53 

Co^oiltl'm C-2. . ... 55 

Coopoeltlon C-3. 57 

Coapocitlon C-4. 59 

Copper Cblorotetrazole. 63 

Cyenurlc Trlazlde. 66 

CycIonite (RDX). 69 

Gydotol, 75/25. >6 

Cydotol, 70/30. 79 

Cydotol t 65/35. 81 

Cydotol, 60/40. 83 

Cyc lot rlaetby lane Trlnltroeaaine.... 86 

OBX (£epth Boob Eaploaive). 91 

1.3~Diaalno-2,4.6-Trlnltrobcnzane (DATNB). 95 

Of a<odlnltrophenoi. ....... 99 

Die thy lane Glycol Dioltrata (DECK) Liquid.103 

Ble(2,2-Dlnltropropyl) Fuaarata (DNPP)..........107 

91e(2,2-0initropk'0pyl) Succinate 'DNPS).110 

2,2-Dlnitropropyl-4,4.4~Trlnlrrobjtyr*ta (MIPTB).113 


*Thia pamphlet supersede* AMC? 706-177, 22 March 1967, Including Change 1, 
20 December 1967. 













































AMCP 706477 


TABLE OF CONTENTS (cont'() 

Em 

2,4-Dinitrotoluene (DNT). 11C 

Dipentacrythritol Hex*.iitrate (PPEHN).. . I f 

IlyMBlU, Lov Velocity, Pic*tinny Atsenal (LVD). V 

Dynamite, Median Velocity, Hercules (MVn). 12S 

EC Blank Pr re. 128 

KStU—S**: Halaltc 

ttsaul. 55/45....*. 120 

Ethyltfia Glycol Di-Trinit robutynte (C NB).. ..133 

Explosive D (AmboaIuk Picrete)... ... ..136 

Glycerol Monolactate Trinitrate (GLTN) Liquid.... . 140 

Glycol Dinitrate (C3N) Liquid. 143 

H-6.. 146 

Balelte (Ethylene Dinittaaine) (EDNA). 150 

HBX-1. 156 

HEX- . 159 

HEX-24. 164 

HEX-48.. 166 

2,4,6,2' ,4 C .6 f -Hexanitro-oxaniIide (HNO). 170 

beta-JM. 173 

HTA-3. 178 

Lead Aside.. .-.182 

Lead 2,4-Dinlcroresorcinate (LDNL).187 

Lead 4,6-Dlnltroreeocrlnol Basic (LDNR Basic).. .....190 

Lead Styphnate. 193 

Mannitol Hexanltrate (Nltrovannlte). ...197 

Mercury Fulninate. .201 

Metrlol Trinitrate (KTN) liquid (cr Trlmethylolethane Trinitrate)...206 

Minol-2....209 

M0X-1. 213 

M0X-2B. .215 

M0X-3B. .218 

M0X-4B. • • . 220 

H0X-6B. .T.... ..222 

Nitrocellulose. 12.62 N (NC)...226 

Nitrocellulose, 13.4fT N (NC).227 

Nitrocellulose, 14.142 N (NC). 228 


1i 












































AKCP7W477 


r 

i 

* 

£ 



i 

i 

i 

6 


* "" TABLE OF CONTENTS (cont’d) 


\ 59S£ 

| Rltroglycarin (Liquid). 233 

| Ritroguanldina.... ,, 239 

% Rltrolsobutyltlycarol Trinitrate i NIBTN) Liquid)......243 

1 RitroMthAue— S§€: PLX Liquid 

1 

J Nitroetnrch Rendition £> jloaive (ISX)..246 

\ Octoi, 70/30. 249 

■, Octoi* 75/25. 254 

j PR-RM.. ..259 

* i 

Pantaarythri tol Trinitrate (PSTRIN). 265 

' Pattaerythritoi Trlnltroacryla'.a vPETRIN Aery lata) (Trlnltroscypantaarythritol 

j AcryUta)... ...269 

| ’ Pantollte, 50/50; 10/90.... ... ....... . 272 

i PETR (Pantaarythcltol Tatrarltrata).,.. .276 

\ Herald* (IRA) (2,4,6-Trlnltroanlllna). 282 

i Pier*tol, 52/48. 285 

■; Picric Acid....288 

j m . 294 

Pluabatol.. 296 

4 ?LE (Litttii)........298 

# - rV ‘N, V 

j *, Potassit* DWcrobat.rfuroxan (KDNBF)...302 

f-^ m-l. 306 

j PTX-2 .309 

| m-4. 312 

J PVR (Polyvinyl Nitrate).315 

| RDX—**>aa: Cydonita* Compositions A-3: B; C-2; O 3; V-* 

♦ RiPB. 318 

* Silver Aside. .320 

J * Tatracane... 324 


* Tatranltrocarbasola (IRC). 

2,4,2 9 1 4'-Tetranltro-oxanlllde (TWO) 
Tctryt.......;..... 

* Tatrytol, 80/20...... 

1 Tatiytol, 7.V25....'.. 

»> 

* Tatrytol, 70/30...... 

^ Tatrytol, 65/35....... 

TXT (Trinitrotoluene). 

f 


.327 

.331 

.335 

.341 

.343 

.345 

.347 

.350 


f 


111 













































AMC»70tm 




T 





i i 



C 


r\ 

TAILS OF CORTRRTS (coin’d) 


Page 

tarp«s..... ..>. .. .359 

l»3 t 5-‘Tria»l«i<K‘2 f 4 i 6-Tri*iitro6#iu«» (TATKB).. *...... .............3u* 

Tri»thyl«a* Glycol trinitrate Xtt») Liquid..... ..*..367 

Trlftocklt*.....*.370 

2.2,2-Trloitroathyl^, 4,4-Trinltrofcutyrata (TKETB) ...373 

Trialtro Trlaaodibanaatt..... ........ 378 

Trlpwitaerythrltol Octraitret# <T?WR)... ...<.381 

Tritoo*l, 00/20......3f6 

?«lt« Vo. 448. .391 




K . ' 


\x 

X 



' - v 


X' 



\ 


1 


i 





t 

\ 






















AMCP70«-m 


PREFACE 


The Engineering Design Handbotk Sertrs of the Any Materiel Comand 1$ a coordinated 
series of Handbooks containing basic Information and fundanntal data useful In the design 
and development cf Any materiel ant systems. The handbooks are authoritative reference 
looks of practical Information and quantitative facts helpful In the design and development 
of Any Materiel so that It Mill aeet the tactical and tcctalcal needs of the Araad Forces. 

AMCP ?C*V-177, Properties of Sxploei»o.' of Military Interest, Is one of a series on 
Explosives. One hundred and tec explosive tcapounds or mixtures ere listed herein, alpha¬ 
betically, with their properties. Including composition variations. Then explosives were 
selected because of their current or probebl* application to mll’.tary use. 

The tabulated data raflact the results of tests, and Mare Irst compiled for publica¬ 
tion at Plcatlnny Arsenal, Oover, Non Jersey, by H. R. 'Tmllnson, Jr. These data Mere 
later revised by Oliver E. Sheffield, also of Plcatlnny Arsenal. fc* the Engineerv'q Hand¬ 
book Office of Ouke University, prime co tractor to the Any Mat* ivl Ccawnd. 

The Handbooks are readily available to all elements of AMC, Including personnel and 
contractors having a need and/or requlranent. The Any Materiel Coamend policy ft to re¬ 
lease these Engineering Design Handbooks to ether 000 activities and their contractors 
and to other Government agencies In accordance Mlth current Any Regulation 70-31, dated 
9 September 1966. Procedures for acquiring these Handbooks follow; 

a. Activities Mlthln AMC and other 000 agencies order direct on an official 

for* fro*: 

CownndliK Officer 

Letterkeniyy Any Depot, ATTN: AMXLE-ATD 
Chaebersburj, Pennsylvania 17201 

b. Contracton Mho e.ve Department of Defense contracts should submit their 
requests through their contracting officer proper justification to the address 
listed In par. a. 

c. Government agencies other than Ob, 1 ) having need for the Handbooks may submit 
their requests directly to the address listen In par. a or to: 

founding General 
U. $. Any Material Contend 
ATTN: AMCAM-ABS 
Washington, 0. C. 20315 

d. Industries not having Government contracts (this Includes colleges and 
Universities) Must forward their requests to: 

Comandlng General 
U. S. Any Materiel Coamand 
ATTN: ANCRD-TV 
Washington, 0. C. 20315 

e. All foreign requests must be submitted through the Washington, D. 

Embassy to: 

Assistant Chief of Staff for Intelligence 
Foreign Liaison Office 
Department of the Any 
Washington, 0. C. 20310 

All requests, other than those originating Mlthln OOD, must be accompanied by a 

valid Justification. 

Cements and suggestions on this handbook are welcomed and should be addressed 
to Any Research Offlce-Ourhae, Box CM, Ouke Station, Durham, North Carolina 27706. 
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AC 

ACS 
AT SI 
Ann 

Ann chin phys 

AP 

APG 

A t B< 

Bell 

Ber 

BIOS CP2-HEC 

BM 

Bull Soc cal* 

CA 

calc 

Cham Ket Eng 
Chim at Ind 
Coap rand 

cp 

CR 

dac 

AH 

DRP 

E 


E' 

Cats chin ltal 

GP 

HE 

HCAT 

Ind Eng Chea 
J Am Chea Soc 
J Chea Ind 
J Chao Soc 
J Frank Inat 
J Ind Explo¬ 
sives Soc 
J praKt Chea 
LA 

Land-Bornst 

H 

M, 

Mem pond r 
ag 


ABBREVIATIONS AND SYMBOLS 


approximately. \hls symbol is cued before numbers. 

Advisory Council on Scientific Research and Develop¬ 
ment, Great Britain. 

American Chemical Society. 

American Iron tnd Steel Institute. 

Liebig's Annalen der Chemle. 

Annalea de chlale et de physique, 
armor-piercing. 

Aberdeen Proving Ground, 
atmosphere; atmospheric pressure. 

Bellsteln Organlsche Cheale, 4th Edition. 

Berlchte dor Deutschen Chemlschen Gesellschaft• 

British Intelligence Overseas Service or Objective 

Subcommittee, Group 2, Halstead Exploiting Center. 
Bureau of Mines, United States Department of Interior. 
Bulletin de la societe' chlalque de France. 

Chemical Abstracts, 
calculated. 

Chemical and Metallurgical Engineering. 

Chlmle et Industrie. 

Comptes rendus hebdoaadalre des eeances de 
l'Acadeale des Sciences (Parle), 
ctixtlpoice. 

toaptes rendus hebdomadaires des seances de 
l'acadeale des Sciences (Paris), 
decomposes. 

difference in heat (i.e., heat evolved) by decomposition. 
Deutsches Reichspatent« 

modulus of elasticity or "Young's modulus"; longitudinal 
stress/change in length; (force/area)/(elongation/ 
length); e:pr*ssed in lb/inc?.*. 
same as E, but expressed in dynes/cm?. 

Gassetta C’.ilaica Italians, 
general purpose, 
high explosive, 
high explosive antitank. 

Industrial 4 Engineering Chemistry. 

Journal of the American Chemical Society 

The Journal of the Society of Chemical Industry (London). 
Journal of the Chemical Society (London). 

Journal of the Franklin Institute. 

Journal of the Industrial Explosives Society (Japan). 
Journal fur praktlsche Chemle. 
lead az'de 

Lardol t-Bornst eln Phys lkal lsh-Chebl ache Tabellen, 

5th Edition (Berlin), 
molar. 

Monatahefte fur Chemle (Wein). 

Memorial des poudres et aalp^trea (Paris), 
ml11igram. 
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ABBREVIATIONS AND SYMBOLS (coat'd) 


ala 

Bl 

a/* 

MU 

HAVORD 

NC 


ID AC 

a roc 

AC 

MOL 

MOTS 

MAC 

OB 

OCM 

08AD 

PA 

PATA 

Phil Trans 
Post Ann 

Proc Boy Soc 

Aac trav chla 

AH 

AI 

SAB 

SAP 

aoi 

Spec 

std dev 

TM 

TM/TO 

Trane Farad Soc 
vac stab 
Z engew Chea 
Z atior^ Cher* 

Z 3*3 Schiets- 
Sprengetoff* 
Z/aec 


alnlaua. 

■lUllltcr. 
aatara par second, 
molecular weight. 

Bureau of Ordnanca (V. S. ^**vy) 
nitrocellulose. 

indox of refraction* vit K D band of aodiun aa light 
sourca, at tvanty dagraaa centigrade, 
l&tionel Defense Aeaearch Couulttee. 

National Fireworks Ordnance Corporation, 
nitroglycerin. 

0. S- Maval Ordnance Laboratory, White Oak, Silver 
Spring* Maryland. 

0. S. Maval Ordnance Teat Station, China Lake, Calif. 
National Research Council, 
oxygen balance. 

Ordnance CoBBlttee Minutes. 

Office of Scientific Aeaearch and Development 
Plcstlnny Arsenal. 

Plcatlnny Arsenal Technical Report. 

Philosophical Transactions of the Royal Society of 
London. 

Poggendorf'a Aonalen der Phyalk. 

Proceedings of the Royal Society cf London. 

Recuell dea travaux chlnique* dee Psys-Bsa. 
relative hualdlty. 

Report of Investigation. 

Society of Autoaotlve Engineers. 

aeal-arnor-plercing. 

solution. 

Specifications, 
standard deviation. 

Technical Manual, Department of the Army, 
joint publication, aa a TM and as a Departaent of the 
Air Force Technical Order. 

Transactions of the Fareday Society 
vacuus stability. 

Zeitachrlft fur engevandte Cheale. 

Zeitachrlft fur anorganlsche und allgemelne Cheale. 
Zeitachrlft fur das gessate Schless und Sprengstoff- 
wesssn (Munchsn). 
slobs of oxyg# ’ per second. 
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PROPERTIES OF EXPLOSIVES OF MIUTARf INTEREST 

INTRODUCTION 


1 j/tmrrmwkwfis A RgQKT Cg gnjgjAKD W gg» Mo effort vaa auto tc cover oil the existing 
ITwTOmVSTCnr opto or "claasii^ed security Information# on any explosive. tether# the 
Min refouzue baa been refort* from facilities using, standard o*> wall-known toot procedures. 

g» Compilation of data resulting in this handbook was undertaken by FI on tinny Arsenal 

persceoeiwbo deal red to provide a mual tabulating the characteristics of explosives, based 
on tests# with regard to current, and possible future# Interest* fbe first resulting Pica tinny 
Armen* publication wag dated £0 June 19*9. Revision 1, FA Technical Report Mo. 17*0# dated 
Aiorl^l^# with revisions# pr^rldss the data used herein. 

^ 803*. tebulated data of testa on one hundred end ten explosive compound* or mixtures 
ade sensitivity to Mellon, impact# heat; performance characteristics or effectiveness 
in weapons; physical and chef ileal properties; and method of preparatlor, synthesis or manufac¬ 
ture, with consent* on l .storiesl origin, and supplementary references. 

n. MiElKBPQS MOttATTOMS AHD SOURCES. The references# as to source* of data or for more details 
in metkod* of testing# We V>een listed# when available, at the e.'d of each section devoted to 
a given explosive coopotmd# ezploelve mixture, or explosive Ingres lent. Where no refe r ence is 
given# It een be assured that these data represent typical values obvlned by standard proce¬ 
dures. When available any reference should be consulted for more details In Interpreting test 
data. 

Also there are listed Pica tinny Arsenal Technical Reports which contain ?. 'editions! informa¬ 
tion on the particular erolosive. These report numbers are given in ascending order# In columns 
corre s ponding to their teialnal digits# and In accordance with the "Uniterm Index” prepared for 
Plcatlnny Arsenal by Documentation Incorporated under Contract DAI-36-03*-501-OHD-(p)-*2 (1955) • 

5. BFXAMATIQM CP BBM8 AHD MgTBPDS OF TEgTIHG. Data are tabulated herein on three form-type 
pages#' in the fSHSrtng sequence"^ headings. Many of these terms are self-explanatory. 

a. First tabular page. 

(l) Same of the explosive In each Instance. 

(2) "Composition." 

(3) "Impact Sensitivity; 2 Kg Wt. M 

(a) Impact sensitivity test for solids, (a)* 

A sample (approximately 0.02 gram) of explosive Is subjected to the action of a failing 
weight, usually 2 kilograms. A 20-mllllgras sample of explosive Is always used In the Bureau 
of Mines (M) apparatus when testing solid explosives. The weight of sample used In the Pica- 
tinny Arsenal (FA) apparatus Is Indicated in each case. The Impact test value Is the minimum 


♦Reference publications (a through q), applying to thie Introduction, are listed at the end of 
the Introduction. 
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Height at which tv least out of 10 t^Ala re«ultr;lii For the BM apparatus, the unit 

of height 1* the centimeter; for the BA apparatus, it iatESTTnch. In ths farmer, the explo¬ 
sive la held between tvo flat, parallel hardened (C 63 x *) steel surfaces; in the latter case, 
it 1 b placed in the depression of a small steel die-cup, capped hy a thin brass cover, in the 
canter of whioh la placed a slotted-vented-cylindrical eteel plug, slotted aide deem. In the 
M apparatus, the isqpaet impulse ia transmitted to the sample by the upper flat surface, in the 
FA, by the vented pic*. Tfct neln difference? between the tvo teats are that the BA tect (1) 
involvee greater oonfinamant, ( 2 ) distributes the translational impulse ever a smaller area 
fdue to the inclined sides of the die-cup cavity), ond ( 3 ) involves a frictional component 
'against the inclined sides)* 

The test value obtained with the BA apparatus depends, to a marked degree, on the saaq>l*> 
density. Ihis value indicates the hazard to be expected on subjecting the particular sample 
to an l^act blow, but la of value in assessing a material's inherent sensitivity only if the 
apparent density (charge weight) is recorded along vith the impact test value. The values tabu¬ 
lated herein were obtained 01 material screened between 50 and 100 mesh, U. S. Sta nd a r d Screens 
where nlngle component explosives are involved* and through 50 mesh for the mixtures. 

(b) Zspact sensitivity test for liquids, (b) 

The BA Impact Test for liquids is run in the same way as fox solids. Ihe die-cup Is filled 
and the top of the liquid meniscus adjusted to coincide vith the plane of the top rln of the 
die-cup. To date, this visual observation has been found adequate to assure that the liquid 
does not wot the die-cup rim after the brass cap has been set in place, thus far the repro- 
dudbillty of data obtained in this way indicate that variations in sample else obtained are 
not significant. 

In the case of the BN apparatus, the procedure that was described for solids Is used vith 
the following variations: 

1^ Too weight of explosive tested is 0.007-gn. 

2. A disc of desiccated filter paper (Whatman Ho. 1) 9* 5-milllmeter diameter; is laid on 
eacETdrop, on the anvil, and then the plunger is lowered on the sample absorbed in the filter 
paper. 

( k ) H Friction Pendulum Test.” (c) 

A 7.0-gm sample of explosive, 50*100 mesh, is exposed to the action of a steel, or fiber, 
shoe swinging as & pendulum at the end of a long steel rod. The behavior of the sasqple is 
described qualitatively to indicate its reaction to this experience, l.e*, the most energetic 
reaction is explosion, and in decreasing order of severity of reaction: snaps, cracks, and 
unaffected. 

(5) "Rifle Bullet Impact Test. ' (d) 

Approximately 0.5-pound of explosive Is leaded in the same manner as It Is loadtd for actual 
use: that is, cast, pressed, or liquid in a 3-inch pipe nipple (2-inch inside diameter, l/io- 
inch vail) closed on each end by a cap. The loaded item, in the standard test, contains a small 
air space which can, if desired, be filled by inserting a wax plur*. The loaded item is sub¬ 
jected to the inpact of a caliber .30 bullet fired perpendicularly to the long axis of the. pipe 
nipple, from a distance of 90 feet. 


W 


2 
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(6) "Explosion flwzperature. " (a) 

A 0.02-gm sample (0.01-g& Id the case of initiator#) of explosive, loose loaded in a Bo. 8 
blasting oap, is ^nnereed for a short period in s Wood a natal bath. The temperature determined 
is that which produces exnloaion, ignition or decc ^oeiilon ©? the sample in 5 secondr, and the 
behavior of the ssaple is indicated by * Explodes" or "Ignites" or "Decomposes" placed beside the 
value. Where values were available for times other than 5 seconds, these have been Included. 

Tor 0.1-second values, no cap was used.* but the explosive was placed directly on Wood's metal 
bath, losedlately after cleanly. The value 0.1 second is estimated, not determined, and repro- 
sents an Interval regarded as Instantaneous to the observer's eye. Dashes Indicate no action. 

(7) "75°C International Heat fleet." (a) 

A 10-gm saqple is heated, for 48 hours at 75°C. The sample a ter this exposure is observed 
for signs of decosposltlon or volatility. 

(8) "100°C Heat fleet." (a) 

A 0.6-gm sample Is heated for two 46-hour periods at 100°C. It is also noted whether expo¬ 
sure at 100°C for 100 hours xeeults in explosion. 

(9) "FlanablUty Index." (h) 

The measure of the likelihood that . bare charge will catch fire when exposed to flames is 
the index of flamsabillty. flhe test is made by bringing an oaQfhydrogen flame to bear on the 
explosive. The maxi mum time of exposure which gives no ignition in 10 trials and the minimum 
exposure which gives ignition in each of 10 trial© are determined. The index of flasnablllty 
is 100 divided by the mean of the two times in seconds. The most flammable substances have high 
Indices, e.g., 230. 

(10) "fygroscoplclty." 

A 5- to 10-gm staple is exposed for hygroscopicity under the eta ted conditions, until equili¬ 
brium is attained, or In cases where either the rate is extremely low, or very large amounts of 
watwr are picked up, for the stated time. The sample, If solid, is prepared by sieving through 
a 30 and on a 100 mesh screen. 

(11) "Volatility." 

A O-gm saddle Is exposed fox volatility under the stated conditions. The sample if solid 
Is prepared by sieving through a 30 and on s 100 mesh sieve. 

(12) "Molecular Weight." 

The molecular weight (MW) of a mixture can be calculated from the equation 

MW of mixture » 100 

-L. + _L. + _£_ + JL 

m*i m /2 0*3 mv n 

where a, b, c and & ere the weight pur cents of the components, and mv^, mwg, m/o and mv n their 
corresponding molecular weights. 
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(13) "Q*jrt*e Balance." 

9 m mn m balance (®) is cal* luted from. the eaplrloal ferial* of a ocapound in percentage 
of 0991a squired for ocnploto conversion of oart>or to carbon dioaeide (or aarbcn aoooxlde) end 
hytocj s n to water. Nhsa aetel lo present the reactions oro asstatd to occur in the following 
' dan 


Metal Oxide 
00 ♦ 3^ 

00 ♦ HgO 
2002 

Proced u re for calculating oxygen balance Is to detervloe the number of greaatoms of oxyg en which 
ore tx oa ie or deficient for 100 greet of a compound. This nunber auT-lpUed by the atomic anight 
of ox y g e n gives 

the oaQffon balance: 16 OC (2X ♦ * . z) 

4 molecular weight of oo^ound ® oxygen balance to OO 2 and BgO, where X - atom of ^fbcm* 

T ■ atom of hydrogen, Z ■ atom of oxygen. The oxygen balance of a mixture la equal to the 
mm of the percent oo^poaitian time the oxygen balance for each cospooent. 

The oarbcc/hy dr ogen (c/e) ratio is calculated aa follow 

Bggiasafei* 1 -^^ 

(lb) "Density." 

(15) "Melting Point." 

( 16 ) "Freezing F^nt." 

(IT) "Polling Point." 

(16) "Refractive Index." 

(19) ^aciaM Stability fleet." (a) 

A 5 ‘ 0 -ga saaple ( 1.0 ga for initiators), after having been carefully dried ie heated for 
bO hours, in vacuo at the desired tenperature. 

(20) "200 Oram Boab oand Test." 

(a) Sind test for solids, (a) 

A 0-b-ga sample of explosive, pressed at 3000 pounds per square Inch into a Bo. 6 cap, is 
initiated by lead aside, or mercury filsdnate (or, if necessary, ty lead azide end tetryl), in 
a sand test bo9 containing 200 ga of "on 30 mesh" Ottawa sand. The amount of aside, or of 
tetryl, that oust be used, to Insure that the san^le .rushes the naxlmusr net weight of send, 
is designated as its sensitivity to initiation and the net weight of sand crushed, finer then 
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30 math, it termed tbe sa nd tHt vclue * Cm net might of sand crushed la obtained by rib* 
traeting from tfca tctalT&TliSynt crushed by tbe initiator when ahot alone. 

(b) Sand test floor liquids. (b) 

lfca aand test for liquids ia aa& m aecordar.ee vith the procedure given for soli da except 
that the following procedure for loaolx^ the teat aaaplea la substituted: 

Cut the cloced end froa a So. 6 blasting cap and load one end of the reaultlng cylinder 
vith 0.20 gm ot lead aside and 0*25 ga of tetryl, ualng a preaaure of 3000 pal for coosoll- 
dating eaeh charts* tilth a pin, prick the powder train in one end of a piece of ainer'a black 
powder fUee 6 or 9 inchea long* Crijq> to the pricked end a loaded cylinder, taking care that 
the end of the fuse ia held firmly against the charge in the cep. near the south of the 

oap eo aa to avoid aqueeslng the charge. Transfer a weighed portion of 0.1)00 ga of the teat 
explosive to an almtaua oap, taking precautions when the explosive la liquid to insert toe 
sample in such a inner that aa little aa roultole adheres to the aide walla of the oap, itd 
alien a solid iterlal la being tested use iterlal fine enough to pass through a Ho. 100 U* S. 
Standard Sieve. %m ceps used shall be of the following dimensions: length 2.00 indies, in¬ 
ternal disaster 0.2*)6-lnch 9 wall thickness 0.025-indb. Frees solid explosives, after insertion 
into the alualmai cep, by scans of band pressure to an apparent density of apprcxlitely 1.2 ga 
per cubic centimeter* Bile was done by exerting hand pressure on a wooden plunger until the 
plunger bad entered the cep to a depth of 3*93 centlssters* Following are the disenelone of 
the interior of the oap: height 5*00 cm, area of cross section 0*312 square centimeters. In¬ 
sert die cylinder containing the fuse and explosive charge of tetryl and lead azide into the 
olnlnuB oap eootalnlig the test explosive for the determination of sand crushed. 

(21) "Sensitivity to Initiation." 

Biis la sensitivity to initiation aa described under the preceding heading* Bie nlnlmrj 
detonating charge, In gress, required to detonate the exploelve aaaple, la given* 

(22) "Ballistic Mortar, % BfT." (e) 


The asount of sample mder teat which la necessary to raise the heavy ballistic mortar to 
the same height to which it lx raised by 10 gm of trinitrotoluene (BVT) la determined* Bie 
eenple la then rated, on a proportionate basis, as having a certain BVT valic, l.e., aa being 
a certain percent aa effective as BfT In this respect. The formula la 

BfT value - e4J ^ e * I00- 

Bie ballistic mortar consists of a long compound supporting rod, at the end of which la sup¬ 
ported a heavy short-nosed mortar. The mortar contains a chamber about 6 inches in diameter 
and 1 foot long. A projectile occupies about 7 Inches of the chamber and the sample to be 
tested occupies a small portion of tbe remainder of the chamber. When the sample la detonated, 
the projectile 1 j driven into a sand bank, and the mortar swings through an angle which ia 
marked on paper by a pencil attached to the mortar. Bie angle thus indicates the height to 
which the pendulum la sited by the explosion, end this latter represents the energy measured 
by this test proceiuie. 

(23) "Tfeuzl Teat, $ BFT." (d) 

A sas^le of the explosive to be tested (of the order of 10 gm) la exploded in a cavity, or 
borehole, 25 -am In diameter and 125-mm deep. In a lead block 200-am in diameter and 200-am in 
height. Bie borehole 1* made centrally in the up; cr face of each block, which is cast in a mold 
from desilverized lead of the best quality. Although these tests have been sale > nder a variety 
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of conditions, where possible the data have been taken from or related to those of Reference f 
(ifeoua). Here a No, 8 blasting cap vaa used for Initiation of th? sample contained In glass* 

The weight of sai^le used was adjusted to give, vith the Initiator, a total expansion of 250 to 
300 cc, since vlthln this range expansion and sample velght vere linearly related under the con¬ 
ditions -• Tacum's test. Thus expansions for equivalent velght* vere readily calculated, and 
the tea- alue expressed In percent of the expansion of an equivalent velght of TNT* 

(2U) "Plate Dent Teat.” (d) 

Two methods vere used for plate dent teats* 

(a) Method A - ine charge la contained in a copper tube, having an internal diameter 
of 3/4-inch and l/l6-inch vail. This loaded tube Is placed vertically on a square piece of 
cold-rolled steel plate, 5/8-inch thick; 4-inch and 3-lA-inch square plate gave the sane re¬ 
sults. The steel plate *« In a horizontal position and rests In turn on a short length of 
heavy steel tubing 1-1/2 Indies ID and 3 Inches 0D. The charge rests on the cent** of the 
plate md the centers of the charge, plate, and supporting tube are In the same line. A 20-gm 
charge of the explosive under teat 1; oooatered by a 5-g® pellet of tetryl, In turn Initiated 
by a No. 8 detonator. 

(b) Method B - A 1-5/8-inch diameter, 5-inch long uncased charge Is fired on a 
1-3/U-lnch thick, 5-square Inch cold-rolled steel plate, vith one or more similar plates js 
backing. The charge Is Initiated vith a No. 8 detonator and tvo 1-5/8-inch dl&meter, 30-gm 
tetryl boosters. 

Plate dent teat value, or relative brisance = Saaple Dent Depth x 2.00. 

Dent Depth for m an 1.61 gn/ec 


(25) H Tvtu?atlon Bate." (g) 

The detonation rates reported In the tables contained herein were determined principally by 
using the rotating drum camera, under the conditions stated, e.g., usually charges 1 inch in 
diameter, 20 Inches long, vrapped In cellulose acetate sheet, and Initiated by a system designed 
to produce high order stable detonation at the maximum rate under the particular renditions. A 
t; Til cal initiating system for this consisted of four tetryl pellets 0.995 loch in diameter, 0.75 
inch long, pressed to 1.50 gm/cc, with a Corps of Engineers special blasting cap placed In a 
central hole in the end pellet. 

b. Second tabular page. 

(1) "Booster Sensitivity Test." (p) 

The booster sensitivity test procedure is a scaled up modification of t!u Bruqeton method 
(unconflned charge). The source of the shock consists of tvc tetryl pellets, each 1.57 inches 
diameter by 1.60 Inches high, of approximately 100 gm total velght. The Initial shock is de¬ 
graded through wax spacers of cast Acravax B, 1-5/8 inches diameter. The test charges are 1-5/8 
inches diameter by 5 inches long. The value given Is the thickness of vex in inches at the 56 $ 
detonation point. The weight of tetryl pellet noted is the minimum which will produce detona¬ 
tion with the spacer Indicated. 

(2) "Heat of" (calorimetric tests). (l) 

Heats of combustion and explosion are generally determined on samples weighing of the order 
of 1 to 2 gm, in standard calorimeter bombs such as the Parr or Emerson, approximately' 1*00 cc - 
(for low loading density), or the Boas, approximately 1*5 cc (for high loading density). For 
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heats of combustion the n^lt is burned under about kQ atmospheres of oxygen; for beats of 
explosion, nitrogen, or one atmosphere of air la uaed. 

(3) "S&adflc Beat." 

(k) "Burning Rate." 

(5) "Bjermal Conductivity.” 

(6) "Coefficient of Expansion.” 

(7) "Burdnesa, Noha' Scale." 

(8) "Young*a Modulus." 

(9) "Ooapreaalve Suc^th." 

(10) "Vapor Pressure." 

(11) "Decomposition Equation." 

(12) "Amor Plate Is$act Test." (j) 

(a) 6o-am Mortar Projectile. 

A Modified 60-ma, I 4*9*2, mortar projectile Is loaded vltfa the explosive to be tested, drilled 
to the proper depth (about l/2 inch), and a flat-baaed steel plug serened into the projectile to 
give a smooth dose-fit between the plug base and the charge. The pert of the plug outside the 
projectile Is rounded off In the form of a spherical section. The loaded projectile with fins 
attached Is fired ft om a five foot length of 2-3/8 inches IB x >3/3 Inches OB Shelby steel tub- 

3 . Bit Igniter s^nd propelling charge, consisting of an Igniter for a 2.36-inch rochet (besoo- 
, 5 gm of 4? bl> ck pv«uer, and a quantity of shotgun propellant sufficient to give the desired 
velocity (read from a calibration chart) am conveniently loaded into the "gun" through a simple 
breech plug* Bae velocities are measured electronically, and the reaction, inert or affected. 

Is determined by observation (e.g., whether or not flash occurs on impact). Within the range of 
flight stability of the projectile, 200-1100 ft/sec, the 50£ point Is located. 

(b) 500-lb General Purpose Bomba. 

(13) "Btomb Brop Test." 

Boob drops are made using boobs assembled in the conventional manner, as for service u*age, 
but containing oither inert or siwlated fuzes. The target is usually reinforced concrete. 

c. Bilrd tabular page. 

(1) "Fragmentation Test.” (l) 

The weight of each empty projectile and weight of water displaced by the explosive charge is 
determined, and from this the specific gravity of the charge la calculated. All 3-inch and 
90-mn nrojectiles are initiated by M20 Booster pellets, and those uaed with 3-inch HE, M42A1, 

Lot KC-5 and 90-nsn HE, KT1, Lot WC-91 projectiles are controlled in weight and height as follows: 
22-50 ± 0.10 gm, and 0-1*80 to 0.485 inch. 
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The projectile ui afried vlth fuze, actuated by a Blasting cap, Special, Type n (Spec ^9- 
20) placed directly on a lead of ocapareble diameter and booster, are placed in boots ocn- 
atruetad of half-inch pine, file 90 -am projectiles are fragmented in boxes 21 x 10-1/2 x 10-1/2 
Inches and the 3-inch projectiles In boxes 15 x 9 * 9 Indies outside diffusions* The box with 
projectile Is placed on about k feet of sand In a s^eel fragmentation tub, the detonator vires 
•re connected, and the box covered vlth approximately k feet more of stud. The projectile la 
flrsd and the sand run onto a gyrating fc-neah screen on which the fragments are recovered. 

(2) "fragment Velocity." 

Chargee 10-1/8 Inches long and 2 Indies in diameter, containing a booster cavity, filled by 
a 72-gm tetryl pellet (1*3/8 Inches diameter, 2 indies long, average density 1*59*0 ere fired 
In a modal projectile of Sielby teeniest tubing, 2 Indies ID, 3 inches OD, 3AS 1020 steel, vlth 
s velded-on cold rolled steel base* The projectile la so fired In a chamber, connected to a 
corridor containing velocity stations, that a desired wedge of projectile casing fragments can 
be observed* The fragment velocities are determined by shadow photographs, using flash bulbs, 
and rotating drum cameras, each behind three silts. The drum cameras have a writing speed of 
30 msters per second. 

(3) "Blast (Relative t- TOT)." 

The blast pressure* and impulses given were determined almost exclusively with tourmaline 
gages, and the usual necessary specialised electrical circuits, shielded cc-axial cables, 
oscillographs, » A .c. in general, the data represent results of tests vlth large cased charges. 

(k) "Shaped Charge Effectiveness, 1ST « 100." (k, m) 

ItoeoBftned charges 2 inches in diameter and 6 Indies long, booetered by a 10-ga pressed 
tetryl pellet, set in a 20-m pellet (truncated cone) of cast 6o/**0 cydotal, are shot against 
3-lnch homogeneous armor plate at a 1-3/16 Indies standoff. The ccnes used are co—irdal Pyre, 
glass funnsle, sealed off at the start of the stem, 2 Inches In diameter, 0.110 to 0*125 inch 
mail thickness. 

Un con fin ed charges 1.63 Inches In diameter and 6 Indies long are tested at a standoff of 
1*63 Inches against stacks of 4 x 4 x 1 Inch mild steel plates. M9A1 steel cones are used* 
Results are averages of k trials* 

(5) "Color." 

(6) "Principal Uses." 

(7) "Method of Loading." 

(8) "Loading Density." 

(9) "Storage." 

Ammunition and bulk explosives in storage represent varying degrees of hazard and compati¬ 
bility. Ibis has led to their being divided into a number cf hazard classes and compatible ity 
groaps as indicated in subparagraphs (b) and (c) below. 

(a) Mtthod: Wet or dry. 

(b) Hazard Class (Quantity-EL&tance). 
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Ammunition and bulk explosive* ere divided Into quantity-distance eluna, Claes 1 through 
12, according to the deaege expected if they explode or ignite (Reference: Army Materiel cowand 
Regulation, Am 3*3-100, AMC Safety Manual, chapter 17). All etandaxd exploaivea in hulk are 
Included in four of theca eSuaeSTvGee 57 2 A, 9, and 12 (W 9-1910/TO UA-1-3^). 

(c) Ooryetlbility Group. 

Exploaivea and a—imltloei are grouped fat compatibility vith respect to the follovir^ factors: 
1* Effect* of explosion of the item* 

2* Rate of deterioration* 

3* Se^Xxtirity to initiation* 
k. Type of packlre* 

5* Sffecta of fire involving the item. 

6. Quantity of explosive per unit. 

(d) Exudation. 

d* Miscellaneous entries. 


Where available and appropriate, the fbllovlig or related date are given, In jpece at 
the button of the third flam, or on plain pages* 

(1) Solubility* 

(2) Methods of manufacture* 

(3) Slatorleal Information* 

(4) Bulk eo^ressiMlity modu lu s* (q) 

The direct experimental measurement of the dynamic bulk modulus of a solid la difficult, and 
flee such mis stir mwnta have bean mads. 0ns apparatus baa bean developed at the kaval Ordnance 
laboratory and is described in detail in Reference q. Bulk modulus (its reciprocal is the com¬ 
pressibility) la defined as tbs ratio of strass to strain ebon the stress Is e pressure applied 
equally on all surfkoes of the sa^ls and ths strain is tbs resulting change In volume per unit 
volume* 

* ($) hydrolysis tests, (o) 

Ths 24c-bour hydrolysis test is conductsd as follow: A 5-gn ssmpls of ths dry nltrocsllu- 
lose is neighed aeeurately In s tare-weighed 250-ec Pyrtx flask having a ground glass connection 
far a Pyrsx condenser* Then 100 ec of distilled eater is added to ths nitrocellulose in the 
flask and ths flask fitted to ths condenser* The flask Is plaoed In a steam hath In which the 
eater is kept bollix constantly by means of electric hotplates* At ths and of 2kO hours the 
a m ount of solid developed by the hydrolysis of ths nitrocellulose is measured by an electrometlc 
pH method* 

(6) Sensitivity to loltlatlo « by electrostatic discharge* (n) 
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Dm MqdM Are tasted under tiro amounts of ccnfinamant, designated as unconfined and con- 
ilcad. In the unconflned teat, a ample of approximately 0.03 m la dumped Into a shallow de ¬ 
pression in a steal block and flattened out with a spatula. In the confined testa (partly 
confined) , the saqple of approximately 0.05 gm la Introduced Into soft-glass tube T m ID x 
18 m long) which fits over e natal peg. The voluma of the apace around the charge at aero gap 
Is -v 0.15 cc; at a gap of 0*6 mm, It la** 0.U cc. In addition to providing noderate confine- 
□ant, this system also minimizes dispersion of the canple by the test spark, and reduces the 
effect of naterlal bei. : repelled ft on the needle point by electrostatic field effect. 

When a teat la to be aade, the needle point electrode la screwed up until the gap between 
electrodes la greater than the critical gap discharge at the teat voltage. The sample Is then 
placed In position, the high-voltage terminal of the charged condenser Is switched to the point 
electrode by mane of a mercury switch, and the electrode Is screwed down until discharge occurs. 

lfce spark energy (in Joules), for zero probability of Ignition, Is determined. 

(7) Destruction by chemical decomposition. 

Burning Is the preferred method of destrqyli* explosives. Initiating type explosives (In 
quantity) are usually destroyed by detonrtlon with demolition blocks. Destruction of explo¬ 
sives by chemical decomposition can be effectively used where s m a l l laboratory quantities are 
Involved. Procedures given are standard for only lead azide, mercury fulminate and nitrogly¬ 
cerin. 


(8) Other inforomtlon. 

(9) References. 

6. HgiHHWia cam n nrmonjcnar. 1 

a. W. H. Rlnkenbach and A. J. dear, Scandard Laboratory Procedures for Sensitivity, 
Brlsanei, and Stability of Explosives, RATH ^o. lAol, it) IftLrcb l^U, Revised SB fcbx-uaxy 1950. 

b. W. R. Tomlinson, Jr. and A. J. Clear, Development of Standard Tests — Application of 
the T*mAet end**"* Teats to the Study of Nitroglycerin and Otker Liquid Explosives , BATR Ho. 
173b* 13 June 

c. J. H. Mclvor, Friction Pendulum, PA Tasting Manual 7-1# 8 May 1950. 

d. Departments of the Army and the Air Force Joint Technical Manual and Technical Order, 
m 9-1910/TC lU-1-3^# Military Explosives, April 1955- 

a. J. H. Mclvor, Ballistic Mortar Teat , PA Testing Manual 7-2, 8 May 1950. 

f. Fh. Raoum, 2 gee 8cfrleas-aprcngetoftV, pp. 181 , 229 , 267 (27 Jane 1932). 

g. 0. J. Mieller, Boulpmsnt for the Study of the Detonation Process , PATH Ho. 1 ^ 65 , 
k July 191*5. 

h. HERO Interim Report, Preparation and Testing of Explosives, Nos. PT-19 and PT-20, 
February-Aprll 19**. 

I. Unnle E. Newman, PA Chemical Laboratory Report Nos. 127815 and 13 M 76 , 11 January 1951* 

J. Report AC-2983/Org Expl 179* 


l For Information regarding source of references, inquiries should be made to the Commander, 
U.S. Army Research Off ice—Durham, ATTN: CRDARD-EH, Box CM, Duke Station, Durham, North Carolina 
27706. 
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A—toll 60/fi0 


Tl % ~ r 

AmooIub Sltzat* 00 

tin 80 

C/H Ratio 


°Xi ,,m11 +i 

co % m 

Powltyi gm/cc Coot 1.46 

*« -■»* - - Hu^. 

Nr 

imeeleg Mott *C 

Impwt 8ooiiMty# 1 Kg Wit 

Ikimy of Ml tm Apparatus, cm 90 

Semplo Wt 20 mg 

Plcqtinny Arsenal Apparatus, in. 15 

Sample Wr, mg 17 

Mhg Mrii *C 

i£ 

i£ 

R» 

ftMr* feadcSeai Toth 
$•••1 Shot Uno£fectod 

Pter Shoo Unaffected 

ec/40 Hn! of' 

90X 

100*C 0.*5 

120*C 0.95 

J35*C 

1S0*C 6.8 

Mil Mfat hoped Teati 5 Trtoh 

% 

h&mkem 0 

PmM* 0 

Burned 0 

Unaffected 100 

Sond, gm 35.5 

fapMoo TonpoMhMo: *C 

Second*, 0.1 (no cop toed) 

1 

S Uooco^oooo 200 

10 

15 

20 

Minimum Detonating Charge, gm 

Morcury Fulminofa 

Lood Aside 0.20 

Tetiyl 0.07 

BoOMc Metfear, % TNTi (o) 130 

TmmI T«t, % TNTt (to) 123 

7I*C hK>MlM Mm Tati 

% Lev in 48 Hr* 0.06 

hmMT«ds 

Method 

Condition 

Confined 

Density, gm/ce 

Britonco, % TNT 

WrCHootTodi 

% Lett, 1st 48 Hr* 0.03 

% Lott, 2nd 48 Hr* 0.05 

Explosion in 100 Hr* Bono 

PtNotHto Mot 

Confinement Hero Sone 

Condition Chet Cost 

Charge Diomede*', in. 1.0 1.0 

Density, gm/ce 1.46 1.50 

Rote, meterf/second 4500 5100 


3D°C. C0< RH. 2 day. til 

VoMftyt Nil 

1 
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Npudillu Ten 


EaaK|,MnNM 

UtWC-fl* 

Penalty, gm/cc 


ChotgeWt, lb 


TtNl Me. ef InieMdM 


For TNT 


For Subject HE 


lindNi MdSAI Projects 

te> Ut KC4t 

Density, gm/cc 


Charge W>,fe 


Tstel Me. ef Fragments: 


For TNT 


For SUb|ect HE 


n/WC 

(f) 

At 9 ft 

1900 

Atas%ft 

1750 

Density, gm/cc 


West dtletln leTNT): 


Airs 


Peak Pressure 


Impulse 


Cneigy 


Air, Ceaflaedt 


Imputes 


Under Waters 


Psok Pressure 


impulse 


Energy 



PMk PfWUfV 
Impuhe 


Qom Cones Steei Cones 


Hole Volume 
Hole Depth 


Buff-yellow 


Umu Boobs, HE project!!** 


Leedfeg Pwi fc yi gm/cc 1-^ 


Hazard does (QuanHty-OiUonce) CUm 9 

Compatibility Group Group I 

Exudation Poet not exude at 65°C 


Booeter Sensitivity East: 


Condition 
Tetryl, gn 

Wax, In. for 50} Detonation 
Density, go/cc 


Preaeed 

100 

0.83 

1.65 


Heat of: 

Combustion, cel/gn 
Explosion, cel/ge 
Gas Volume, cc/gm 


* Calculated Iron co^ositlon of alrture. 
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Aaatol. 6cAo 


Aamonlua Nitrate 
OUT 


C/H Ratio 


l«MCt Sensitivity, 2 K| Wh 
Bureau of Mines Apporatus, cm 
Sample Wt 20 mg 
Pkatinny Arsenal Apparatus, in. 

CAiMklA lA/S 

30 n^iP f| wiy 


CWaa 

snti anov 
Fiber Shoe 


Me MM Impact Tart; Trials 


Explosions 
Portia Is 
Burned 
unorrectec 


Seconds, 0.1 (no cap used) 

1 

5 Decoqpoeee 270 
10 
15 
20 


laliiiiilaMl 

9 w w VMvRWmWI I Mae 

% Lot* in 48 Hit 


100'C Hm* T«*t: 

% Low, lit 48 Hr* 
% Low, 2nd 48 Hr* 
Expiation in 100 Hr* 


Uelarubf Wakkl* 

IMI^wWlF Vviipmi 

10t> 

Oxygen Boleeee: 


COs % 

-18 

co% 

+ 2 

Penalty; gm/cc Cast 

1.60 

*4 -hi-*r* 

tvvviiNn * wWv« V- 

Freezing Met: X 

SoOtaf Mat: *C 

1 

Refractive Index# n» 


nS 


"£ 


Vecvem StnWHly Test; 


CC/40 Hrs, or 


90X 


100*C 


120*C 


135*C 


150*C 


200 4mm Bomb Sand Test; 


Sand, gm 

111* 5 

•-»*-»- - A ~ B .. 1* t *>■ 

JfWHIVHJf fw IMlQTIM* 


Minimum Detonating Charge, gm 


Mercury Fulminate 


Lead Azide 

0.20 

Tetryl 

0.06 

MWt Matter, % THT: (•) 

128 

Transl Test, % THT: 

Plata Pent Test; 


Method 


Condition 


Confined 


Density, gm/cc 


Brisonce, % TNT 


Petaaatlea Rate; 


Confinement 

Tone 

Condition 

Cast 

Charge Diameter, in. 

1.0 

Density, gm/cc 

1. 50 

Rate, metert/second 

5T60 
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90 smb Ml* M71 PrtMflt, U» WC-91: 


Density, gm/cc 

l.b9 

Chorgt Wt, lb 

1.971 

B uH^t* 
ifip nil w rTvyvNUVTt* 


For TNT 

703 

For Subject HE 

583 

9 ladt HE, M42A1 PvtJacMIt, Let KC-i: 


Density, gm/cc 

1.5T 

Chorgt Wt, lb 

0.827 

Ttttl He. el FftgmteH: 


For TNT 

5lb 

For Subject HE 

lt08 

hiiaet Vehctty: ft/sec 

At 9 ft 

At 25^ ft 


Density, gm/cc 


Meet (ReteNve It TNT): 


| Ain 

Peck Pressure 

95 

Impulse 

85 

Energy 

8b 

Air, Ctafletd: 

Impulse 


IMtv Water: 

Peofe Pressure 


Impulse 

Energy 


U^derfftaad: 

Peak Pressure 


Impulse 

Energy 



SUM CXi/|< WwtNini, TNT = 100: 

Gloss Coot* Stttl Conti 

Hole Volume 
Holt Depth 


CoUn Buff-yellow 


Oiteciptl Uttt: Bombs 5 HE projectiles 


gm/cc l 60 


Method Dry 

Hazard Class (Quantity-Distance) Cists 9 

Compatibility Group Group X 

Exudation Does not exude at 65°C 


Heat of; (a, «) 


Combustion, cal/ga 
Explosion, cal/gm 
Gat Volume, cc/gm 


^Calculated from composition of mixture. 
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Amto^ 50/50 
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Ana tola 60/20, 60A0. 50/50 


Compatibility with M»*als : 

Dry - Mo tala unaffected are ainc, iron, tin, bra*s, braes t':.j plated, braes BRC coated, 
brats shellac coated, nickel aluminum, steel, steel plated ith nickel, alnc or tin, stain- 
lass steal, Parker1Led steal, and steel coated vith acid-proof black paint. Metals slightly 
affected are copper, bronie, lead and copper plated eteel. 

Preparation: 

In preparing amatols the proper granulation of ar7.onlum nitrate la required If tii* srxleum 
density of the oast amatol Is desired. Hie assart; u nitrate should be dried so ss to contain 
net sore than 0.25JI noisture. It should be heated to about 90°C before being added to the 
appropriate weight of sol ten HIT contained In a salting vessel equipped with an agitator. Con- 
tlk^e sizing to Insure uniformity and load by pouring into ahull or boohs. 

Origin: 

Developed by the British during World War I in order to conserve TST. 

References ; 2 

(a) h* C. Smith and 2. B. ^8ter, Physical TeatiuJ of Bsploalvcs, Part III, Miscellaneous 

Sensitivity Tests, Performance Teste , OSHD Report SfDecemEer 19^5- 

(b) Report AC-17/Phye 2x 1. 

(c) Dc p. McLougall, Methods of Physical Testing , 0®D Report Bo- 803» 2JL Auguot 19^2. 

h* C. Smith and K. 0. Rystcr, Physical Ttestlogof Rgploalvcs, Part III - Miscellaneous 
Sensitivity Tests; Performance Tests , 03RP ReportT!o. 57%, 2? beceober i9*>5- 

(1) Oonlttee of Wv 2 and 8, HJRC, Report on HBX and Trltonal , 03EB Report Bo. 5406, 

31 July 19*5* Vw 

(e) Philip C. Keenan and Dorothy Pipes, Table of Military High Bcploslvee , Second Revision, 

HAVGRD Report Bo. 87-%, 26 July 19%. 

(f) R. W. Drake, fr&mmt Velocity and Panel Penetration of Several Explosives in Simulated 

Shells, OSHD Report Bo. 562i, 2 January 19%. - - 

(g> fisatem Laboratory, du Pont, Investigation of Cavity Effect , Pinal Report, 18 September 
1943, HDRC Contract W-672-ORD-5723. 


(h) 

Also see 

the follovlng Pica tinny Arsenal Technical Reports cn Amatols: 


0 

1 

2 

2 

4 

5 

6 

x 

8 

£ 

240 

681 

132 

?J»3 

364 

65 

266 

1207 

548 

549 

350 

731 

182 

1173 

694 

425 

55o 

1457 

638 

799 

630 

901 

1302 

13T3 

734 

695 

666 

1737 

838 

929 

950 

1051 

1352 

1323 

874 

715 

966 

1827 

1093 

1129 

1300 

1530 

1311 

1^51 

1651 

1372 

1552 

1493 

1783 

1344 

735 

1145 

1225 

1345 

1455 

18*5 

1376 

14% 

1636 

1796 

2167 

1148 

1386 

1568 

1838 

1219 

1369 

1559 


(i) TM 9-1910/TO 11A-1-34, Military Explosives , April 1955. 
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AXC?70*-m 




ftoaonlua Idtrtttt 

STT 

AluMou* 


C/Hto 


K^ct MMy, 2 K« W): 
Bursot O# Mine* jApyorolus. cm 
Som$..« W» 20 mg 
Wcotinny Arsenal Apparatus, in 
Sample Wt, mg 


1 Abumi fiaiitci) 

i enpe^wewt 



! CO, % 


- 5 > 

[-■ co% 


-» -O 

X. - 7 -.. 

Peeefty gm/cc 

Octet. 

X.fi 5 


j ftee^^Niet: £ C 

' -:cv ; 

i- 


Bel** ***i ‘C'v 


RtffMHrt IrM nS 


*.. vlw*VlMi rNHOT^Ml rr'CNt 


SteH Shoe 

Fiber Shoe 


Mb BeBet fatted Tael: Trials 


% 

Explosions 


Portiols 

Bumod 

unorvectea 


tspMee Teaperetete: *C 

Seconds, 0.1 (no cop jsed) 

1 

S Decomposes 265 


10 


15 


20 


75 *C IMimHmI HM T«t: 

% Lon in 48 Hr* 

100'C Heel Teel: 


% loss, 1st 48 Mrs 

0.00 

% Loss, 2nd 48 Hrs 

0.10 

Explosion in 100 Hn, 

v None 

WsewiWWty 1*4#*: 

Hygroscopic by: 


V«M% 


Vr0«m SleMBtyTeer? 

cc/40 Hrs, ot 
WC 
- 100*C 
120*C 

135*C ■ :v; , /'■ 

nox 


tOO QfM M lend Test: 

Sond, gm 


Smftfrfcy «e IttHis^OBs 

Minimum Detonating Charge, gm 
Mercury Fulminate 
Leod Azide 
Tetryl 


OeBMc Metier, % TNT: (a) 


Treed Test, % TNT: 


hdt Dnt Twi; 
Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 


PeloauH e* Rate: 

Confinement 

Condition 

Chorge Diomete% In. 
Density, gm/cc 
Rote, meters/second 























AMCP 7M4I7 


ft—.. 


HwaUMn Ml Wfrili 1 

Domfty, gm/cc 


Charge WT, & 


TddNsdMpMadi 


Far TNT 


For Subject HE 


) Mi HI. MOA1 Frifr—. U* RC4t 


DamNy, gm/cc 

1.6$ 

ChorgeWt,* 


TtPel Na» of fapsistr 


For TNT 

655 

For Subject HE 

550 

h^swlVdehn ft/sec 


At 9 ft 


At 25ft ft 


Density, gm/cc 



Hhahmmm, TNT lit 

Gob Cones Steel Cone* 


Hole Volume 
HoteO^ch 


Projectile filler 


1>« < M Peeittyi gm/cc 1,65 


Method Dry 

Hozotd Ckm (&vWY-Dhtx*™) CUm 9 

Compotfbility Group 

Exudation 


Origin; 


CSetable mixture developed in United States 
during World War I. 

References; 

(a) V. R. Tomlinson, Jr., Physical and Ex 
loslve Properties of Mil its 


wxr 
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Ageatig stasia 


















n mm rn. Mil Mm** Ui WCtl* 

OmNy.gm/cc 
Choiy* Wt, lb 


For TNT 
Per SubfeetHE 

IMNiMttAI NM» UIKC4t 

(tensity, gm/cc 
Charge Wt, lb 

Tiftal Ik of Ffspwsam 
For TNT 
For Subject HE 


Prepae*l Vrinfry. ft/toe 
At 9 It 
At 25Vb It 

DansHy, gm/cc 


Slate flUteters Is THTh 


Gloss Cones Steel Cone* 

Hole Volume 
Hole Depth 


Colon Colorless 


fibtlpil UOttt Explosive ir^redient of 
mixtures used In boobs or largo 
caliber projectiles 


JKtofctl of Uolbgi Pressed or ooot depending 

on co^ooltlon of mixture 


Utlo| Ite—teyi gm/cc Vorltblo 


Method Dry 

Hozord Clots (Quantity-Distance) Class 12 


AM 

Rook Pressure 
I mpu le o 


Ate # Cfl tei< f 

Impulso 

Umdtr Weftstt 
Peak Pressure 
Impulse 
Utrgy 

Uodeffioosdi 

Peak Pressure 

Impulse 

Energy 


Compatibility Group Group D 

Exudation Hone 


Effect of Temperature on Iapact 

Sensitivity (Chemically pure grade): fb) 

tap. 

PA. Iapact Teat 

°c 

2 Kq Vt, inches 

25 

31 

75 

26 

100 

27 

150 

27 

175 

12 


Qoaipatibillty vlth Metals; (a) 

In the presence of moisture, eamonlum 
nitrate reacts vlth copper, Iron steel, 
brass, lead and cadmium. 

Bitropy: (g) 

cal/ool at 25°C 36.0 




















AMCPTM477 


(hnwnlun Ritrete 

la 100 




Ifctar 

Alccfeol 

Acetic Add 


HI trie Add 


& 

S- 

£ 

TCT 


°C 

S 

i Wfcric 

kA 

20 

m 

kO 

5 

87.0 

0*39 

15 

73.0 91.7 

*0 

897 

6 0 

T.5 

80.9 

5.8 

30 

106 20.8 

60 

ka 

78 

10.5 

101.0 

20.7 

75 

201 31.6 

80 




180.0 

185 




ggaas 




tmaalvm nitrate la prepared by tfaa neutralisation of an aquaoua solution of awwila vlth 
nitric add and evaporation of tba solution* H*e product vhlch la very pure la drlad In a 
graining kettle. 

Origin: 

Tint prepared by Glauber In 1659 and first used aa an exploalre Ingredient in 1867 when a 
Svedleh patent ana granted to Cblsson and Hoxrbin for a composite dynaadte. 


AhkjqIub nitrate la daconpoaed by strong alkalies vlth the liberation of amonia, and by 
sulfuric add vlth the foraatlon of aanonlun sulfate and nitric add* 


B a f ar a n ces ; 3 

(a) Departments of the Amy and the Air Force TH 9-1910/70 Ua-1-3^ Mlllt 
April 1955. 


plosives. 


(b) P. F* Macy, T* 0* Dodderer, E* F* Reese and L. H. Ed keen, Investigation of Senaltlvlt 
of Fertiliser Grade AMonlun Hltrete to Explosion, PAIR Ho* 1658, 11 July J$4f. 


(c) D* ?. ZfecDougall, Methods of Physical Testing # OSRD Report Ho* 803, H August 19^2. 
L. C* Sdth and E. G* Eyster, Physical Tsstl 


1? 


loaivea, Fart III - Miscellaneous 


Be 


ooal Critical Tables. McGrav-Hill Book Co., H. Y-, Land-Bornet. 

G* D. Clift and B* T* Federoff, A Manual for Explosives laboratories , Vol* U, Lefkx 
Society, Inc., Philadelphia, I9U3. 


(f) R. J. Flnkelateln and G. Gaeov, 
U6> 20 April 19^7* 


of the Detonation Procfcsa, E4VOHD Report Ho. 90 


(g) George Feick, Hie Dissociation Preaaure and Free Energy cf Formation of Acpocliim Hl¬ 
trete, Arthur D* Little, Inc., J An dbea Soc, jt, 5k£8-bO 

(h) M* A* Cbok and M* Tiylor Abegg,*Isothernal Decomposition of Explosives? University of 
Utah, Tt^d Bng June 1956, pp* 1090 to 1095* 
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(1) AIM «m t)M following Plaatimy Arsenal Tfccbnioal Report* on AmobIub Ritreta: 


f 

I 

8 

596 

907 

5*8 

666 

1UT 

63 B 

676 

19*7 

938 

9*6 

8167 

1008 

1106 


1038 

1696 





AMCP 706-177 


>—onlua P»rchlor«ta 






























AMCP 706-177 


MawNlMn iOAlMWOflt 
Oanttf.fM/«c 
Owg»Wt,» 


Glops Const Slut Const 


Hots Volume 
Holt Dtp* 


Titrfitti ^ "nrmntii 
*rTNT 
fo&htwtHC 

tofrctfe, U»KC4l> 
- JWHfc gn/ft : 

V^J[UU ^| 

irktnt ^ c ; 

for Subject Hi 


Papjamat VtSpabyi ft/wt 
At*«t 
AtTSftft 

Danttty, gm/cc 


ftifclli i teTHTh 


W PPtttu ro 


CoAu: Colorloss 


ftta i rt ps l Umsk Bxplosire ingredient of 
mixture*? used In pyrotechnics end 
; so project lie filler 


Mtiil ef leader Pressed 01* cost depending 

on composition of mixture 


U sd fsf Deatfcyi gm/cc 


Variable 


MtJhorf 

Dry 

Hozord Got* (Quantify^ > 4 g.a) 

'■'less 9 

CompoHbilily Group 


Exudrfic 

Rone 


Ms wstsr: 
^tok Prmwc* 


Peak Pressure 


Solubility m Water 

ICO cc saturated solution 


o°c 

12 

i;°c 

20 

60°C 

39 

loo°c 

88 


Prcp<u yt i oni 

'Ifce perchlorates ore prepared by the action 
of the acid on a suitable by the ther- 

mol decomposition of certain chlorates; and 
by the electrolysis of chlorates (see origin). 


Heat of: 

Forme ti an , cal/gm 


665 
















AMC* 79*477 


A—cdua Pwrohlaft* 


(q) 

t* ItMiWPUA first prepared* in 1832, cryetele of omonim perchlorate free barlua 
jHiiililiiitp end fOttiw sulfhte (Mk Arm 8^ 300). f. schloalag treated a bet eolation of 
mMM* parcfcl arete with amooltai chloride* i&d on cooling, crystal* of amonlua perchlorate 
vote Obtained (0 m| road# 1059* (1S71])» 0* Alviei trsatsd t nurture of 7$ port* of n- 
aplon nitrate with 813 parte of aodlua perchlorate, and obtained a crop of nut 1* crystals of 
smt/Bdm perchlorate vhich rare purified by recrystelll action ftpea hot eater (Oiriii Patent, 
103,993* ?i36)• hlolatl «rfxed Mfaeeiua or celcdun perchlorate with eaaonma chloride and 

crystal* of amodlm parohlorate deposited ftam the eolation of very soluble aegneelua or oel- 
dm eblorida (Oarma Patent, 112, 682, 1899) • 

Be far s ncM s* 

(•) V. £• tadlaeon, Jr., Fbarelcal nod toloalTC Properties of Ittliteiy Endorses, RASH 
Wo. 1372# 29 ieredber 1*3. 

(b) f. L. Seri*, Be Cbaedatry of Feeder end Explosives. John Wiley end Sana, Inc*, »nr 
TcrJt, 1*3. 

(0) J. ¥. Nailer, A Comrehenelve Treaties on Inorganic and Theoretical Chcnjetry. Tel* II 
Loobnnb*, &reaa and Oo. , ^oodon, i§65, p. 3*. 

(d) Also see the following Plcetinny Arsenal technical Reports on Amonlua Perchlorate: 


0 

1 c ; 

1 

4 

1 

6 

2 

100 

321 

843 

354 

1095 

1726 

1049 



1783 

6o4 

1725 


1969 




854 

220? 
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Boratol 


AHCP 706-177 


Conp o t lH aw; 

% 

Barium nitrate 
TNT 


C/K Ratio 


I mport Soodrtvity, 2 Kg Wt: 

Bureau of Mines Apparatus, cm 
Sample Wt 20 mg 
Picatinny Arsenal Apparatus, in. 
Sample Wt, mg 


Friction NoAlim Teel: 

Steel Shoe 
Fiber Shoe 


Rtfb Bullet Import Test: Trials 

% 

Explosions 

Portials 

Burned 

Unaffected 


lip lo o i o i Temperature: X 

Secc >ds, 0 1 (no cap used) 

I 

5 Ignites 3 $ 

10 


75 C lute motional Heat Test: 

% Loss in 48 Hrs 


103 C Heat Test: 

% Loss, 1st 48 Hrs 
% Loss, 2nd 4C Hrs 
Explosion in 100 Hrs 


Flammability Index: 


Hygroscopicity: % 


Volatility: 


Molecular Weight: 

125 

Oxygen Balance: 


CO, % 

-3 

CO % 

+13 

Density: gm/cc Oaat 

2.55 

Melting Point: °C 

Pveexing Point: *C 

Bolling Point: °C 

Roftoctho Index, n» 

■ 

n£ 


J * •* 


Vncuum Stability To#: 


cc/40 Hrs, at 


90 *C 


100X 


120°C 


135°C 


150°C 


200 Grom Bomb Sand Tost: 


Sand, gm 

26.8 

Soittithrity to Initiation: 

. i 

Minimum Detonating Chorge, gm 


Mercury Fulminate 


Lead Azide 

0.20 

Tetryl 

0-10 

■alUftit Motto r. % TNT: 

Trousl Test, % TNT : 

Plate Dam Test: (a) 

73 2? 

Method 

B 

Condition 


Confined 

No 

Density, gm/cc 

2.52 

Brisonce, % TNT 

61 


DrtMoiiM Bats-: 

Confinement 

Condition 

Charge Diameter, in. 
Density gm/cc 
Rote, meters/second 
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Baratol 


R jftwnwit 5 

(a) D* P. MheDougall, Methods of Physical Testing , OSRD Repeat Ho. 803, U August 1942 . 


(b> L. C. Sttlth and S. G* Oyster, 
Sensitivity Taste; Performnce Teste / 


si cal Tasting of Explosives, Fart II 

F K^ " »5 r S?4fe 72 ? ttecejUr 1»5- 


Fart III - Miscellaneous 


(c) Also see the following Pica tinny Arsenal Technical Reports on Baratol: 


0 3 6 8 

2010 1783 2226 2138 

2160 2233 



5 See footnote 1, page 10. 









Baronal 


AMC* 706-177 


Molecular Weight: 


Barium nitrate 30 
TNT 35 
Aluminum 15 

C/H Ratio 


Impact S aaeJHvl t y , 2 K| Wh 

Burcou of Mines Apparatus, cm 
Sample Wt 20 mg 
Picotirwy Arsenal Apparatus, in. 
Sample Wt, mg 


O&ygea Bolooct 

CO- % 

CO % 

»: 

-2b 
- 7 

Deetity: gm/cc 

2.32 

ad -a^e- 

rnfWIttJ taiWfi 

•c 

Freezing Polot: 

•c 


C 


Re f rac t i v e lades, n« 

n£ 


Friction Pend ul um Teet: 

Steel Shoe 
Fiber Shoe 


Rifle Bullet Impact Test: Triols 

Explosions 

Port io Is 

Burned 

Unoff acted 

% 

Ixpleslea Temperature: 

Seconds, 0.1 (no cop used) 

•c 

1 

5 Ignites 

10 

15 

20 

3^5 

75'C International Hoot Teel; 

% Loss in 48 Hrs 

100 C Heat Test: 


% Loss, 1st 48 Hrs 

% Loss, 2nd 48 Hrs 
Explosion in 100 Hrs 


Flammability Index: 

Hygroscopicrty: % 


V*loH«ty: 


Vacaam Stability Test: 

cc/40 Hrs, at 
90 T 

100T 
120°C 
135T 
l SOT 


20C G tmm talk Saad Tati: 

Soisd, 


jm ueiviv| va k«m«na>; 

Minimum Detonating Chorge, gm 
Mercury Fuln'lntf* 

Lead Azide 
Tetryl 


Bafttftic Mortar, % TNT: (a) 


Troozf Test, <* TNT: 


Plate Deaf Test: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 


Peto no t ieo Rate: M 

Confinement 

Condition 

Charge Diometer, in. 

Denf.itv, gm/cc 
Rat* mefers/iecond 















































AKCP 706-177 


Black Pouter 




Botaeeiun altr«t^ 7 
Sulfur 1 
Charcoal 1 

C/HRoHo 


Impact SeasIHvlty, 2 Kg Wh 
Buceou of Minas Apparatus, cm 
Sompla Wt 30 mg 
Pteetinny Arsenal Apporotus, in. 
Sompk* Wt, mg 


coT* 

CO % 

t 

•22 
• 2 

Penalty: g.v./cc 

Variable 


Petot: 9 

C 

BSE 

I Pelat: 

•c 

BaWag Nlat: °( 

C 


vWCWpQP Iw« 

Steal S:oi 
Fiber Shoe 


Rifle M it Impac t Test: 

Explosions 
Port kj Is 
Burned 
Unoffected 


Shape 

Unaffected 


Seconds, 0.1 (no cop used) 510 


Ignites 


7S*C l ateia erte — I Heat Test: 

% Loss in 48 Hrs 


WC Meat Test: 

% Lcte, 1st 48 Hrs 
% Loss, 2nd 48 Hrs 
Exp losion in 100 Hrs 


HammaMHfy Index: 


Hygi e ecepk Oy: % 25°C 


_#^nn^- Yaa8« 

VaWml V Vela 

cc/40 Hrs, ot 
C 

100*C 

120‘C 

135-C 

150*C 


200 Gram B omb Sand Test: 

Sond, gm 


S ens itivity te laJrieNoe: 

Minimum Detonoting Chorge, gm 
Mercury Fulminott 
L od Azide 

Sena5/G(ve to igniting fuse 


MWc Meter. % TNT: 

50 

Trent Ttrt, % TNT: (a) 

10 

Plate Peat Test: 


Method 


Condition 


Confined 


Density, gm/cc 


Brisoncr, % TNT 



Peteae rt ea Bate: 

Confinement 

Condition 

Chorge Diometer, in. 
Density, gm/cc 
Rote, meters/iecond 


1.6 

kOO 



























Black Povder 


AMCP 706-177 


ft miNI, M71 I 

Density, gm/cc 
Chorgs Wt, lb 


T«NMkifh«|i 

For TNT 
For Subject HE 


Prs l ec Nto, LH WC-flt 


3 toe* HI, M42A1 

Density, gm/cc 
Charge Wt, tb 


Pis j e ctH a , Lot KC<: 


Total Now ef Fragments: 

For TNT 
For Sublet HE 


Shaped Charge Iffecltoeaese, TNT = 100: 

Gloss Cones Steel Cones 

Hole Volume 

Hole Depth 


Cetort 

Black 

> «- »»i— i 

nnsgu vm> i. 

2. 

Igniter powder 

Time rings (fuzes) 

Method e# Lsedtogt 

1. Loose (granulated) 

2. Pressed 


nipNW TMKRfi TT/SVC 

AtO ft 
At 25H ft 

Density, gm/cc 


Most (Mortva to THDi 
Ain 

Paok Prassura 

Impulse 

Energy 

Air, C e nfto ed: 
Impuba 

Under Water: 

Peok Pressure 

Impuba 

Energy 


Pook Pressure 

Impulse 

fn*W 

Initiating Efficiency: 
Grama Required to Initiate 


Igniter Coop K~31 
Igniter Coop JC-29 


Storage: 


—* 

IVMTnoQ 

Dry 

Hoxord Closs (Quontity-Distonce) 

Class 9 

Compotibllity Group 

Group 0 

Exudation 

None 

100°C Vacuum Stability Teat, 
cc gaeAo hrs: 


Initial Value 

After 2 hours at 65°C 

ATter 2 Lours at 65°C, 75$ RH 

Sensitivity to Electrostatic 
Discharge, Joules: 


Unconfined 

Confined 

oopatlblllty vith Metals: 


Dry - Cov mb title vith all metals when 

moisture content Is less thar 0.20$. 

Wet - Attacks all connnon metala except 
stainless eteel. 

Heat of: 


Explosion, cel/ajm 
Gas Volume, ce/gm 
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Black Powder 


Preparations 

WlJlov or alder charcoal, flour of sulphur and 2-3$ of water are placed in a tumbling barrel 
and nixed for a short period (about l/ 2 hour). The mixture Is transferred to a "wheel mlIV' and 
crystalline potassium nitrate containing 3-*»$ moisture la added and the mixture Is iru orporated 
for eerjrai hours. During the Incorporation period the mixture la kept damp (2-3$ moisture) by 
edging water at Intervals. The mill cake Is then pressed at 6000 pal between aluminum plates. 
The pressed cakes are broken up between rubber or wood rolls. The material is screened and tea 
various particle sites are separated as desired. The screened material is than transferred to 
canvas trays and dried in hot air ovens at 60°C. If It Is desired to glass the black powder, 
the material before drylig ia polished by rotation In a tumbling barrel to give it a smooth 
surface, it Is next screened to remove the dust. The smooth particles are then placed In a 
wooden barrel and rotated with graphite. The material Is again screened to remove the excess 
graphite, and dried. Material finer than #40 U. S. Sieve la not grephlted. 


WARNING 

The hatches of black powder must he of sufficient size to cover the bed of the "wheel mill." 
If the wheels run off on the hare bed, explosions usually result. 

Origin: 

The exact date of the discovery of black powder Is unknown. Historians attribute its dis¬ 
covery to t&e Chinese, Hindus or Arabs. The Greeks used It during the 7th Century. Marcus 
Graecus in the 9th Century and Roger Bacon In the 13th Century described compositions similar 
to the present powder. Beginning with the 16th Century, the composition of black powder con¬ 
taining potassium nitrate, charcoal and sulfur has remained unchanged with respect to the pro¬ 
portionality (75/15/10) of the Ingredients. 

Destructive by Chemical Decomposition: 

Black powder can be desensitized by leaching with water to dissolve the potassium nitrate. 
3 he washings mufet be disposed of separately because the residue of aulfur and charcoal Is com¬ 
bustible hut not explosive. 

References; 7 

(a) Hi. Haoum, Nitroglycerine and Nitroglycerine Explosives , Baltimore, 1928. 

(b) F* W. Brown, D. H Kusier and F. C. Gibson, Sensitivity of Explosives to Initiation by 
Electrostatic Discharges , U. S. Department of the Interior, Bureau of Mines Rl ScJ5^, 

(c) Also see the following Pica tinny Arsenal Technical Reports on Black Powder: 


Sec footnote 1, page 10. 
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l,S.U>Butanetrlol Trinitrate (B1TN) Llould 


H,C-ONO„ 

2 , 2 


C/H Rotio o.l3 


HgC 

hc-ono 2 

HgC-ONOg 


l iepec f SmOMlyi 2 Kf Wl: 
Bureau of Minot Apporatus cm 
Somple Wt 20 mg 
Picotinny Arsenol Apporotus, in. 
Somple Wt, mg 


McH o t Mid mm Tost: 

Steel Shot 
Fiber Shoe 


Rifle Belief Imps * Teel: Triols 


Explot iom 
Pcrtiolt 
Burrvxl 
Unaffected 


l if le tiet Tetnpevefere: 

Seconds, 0.1 (no cap used) 


5 Deccsposes 
10 
15 
20 


75 C letereefioeel Meet Test: 
% Loss in 48 Hrs 


100 C Heef Test: 

% Loss, lit 48 Hrs 
% Loss, 2nd 48 Hrs 
Explosion in 100 Hrs 


FleennebiUfy lades: 


y *2Zr _/_ 2 / 


60°C, mg/cir. /hr 


MeiMaltr Watfkt: (C^H^^) 

2bl 

OsyfM Beleece: 


CO, % 

-17 

CO % 

10 

l>eeeify: gm/cc Liquid 

1*52 

Mefehg Petets °C 

Free*hg Mat: °C 

■-»»« — False* *C 

wvwvev r • w 

Reflective ledes, rJ 

1.1*736 

il» 


n£ 


Veceem Stability Test: 


cc/40 Hrs, ot 


90 6 C 


100'C 

2-33 

120°C 


135 a C 


150^C 


200 Cram Bo mb Seed Test: 


Sond, gm 

L8.6 

CeAtULilM Aa I fi iHelle a r 

dOTUvlTIvj If IMwVVMi 


Minimum DetonotinQ Charge, gm 


Mercury Fulminate 


Leod Aside 

o.^o 

Tetryf 

0.10 

lelUtNc Meiter, % TNT: 

T^eesJ Test, % TNT: 

Plate Deet Test: 


Method 


Condition 


Confined 


Density, gm/cc 


Brisonce, % TNT 


Deteeetioe Rate: 


Confinement 


Condition 


Chorgc Diameter, in 


Density, gm/cc 


Rc?*, meters/second 






























i,2,**-ButMnetrioJ TrlultmM- (B'l'I'N) A i q «1 d 
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i 


r - 

SHop%d Charge IffectWeeeet, TNT - 100: 

fO an Hi M71 N)«di4 # U WC-91: 

Gloss Cones Steel Ccnes 

Density, gm/cc 

Hole Volume 

Choree Wt, lb 

Hole Depth 

ToM i4t. of Fw|mwh: 

Far TNT 

for Subject HE 

Color: Yellov oil 


Princtpel Uses: Explosive plestielzer for 


3 Inch Ml, M42A1 Frojtcttk. Lot 5* 

nItrocel1 :lose 

Density, gm/cc 

Charge Wt, lb 


Total Ho. nfi FrtynJH: 

for TNT 

For Subject HE 

Method of Loading: 


Ltoding Density: gm/cc 1 • 52 

Fnyillt Velerlty: ft/set 

At 9 <t 



At 25 V» ft 

Storage: 

Density, gm/cc 

Method 

Ole* (MMivo to TNT): 

Hazard Class (Quontity-Distonce) 

Air: 

Compatibility Group 

*eok Pressure 


•rr pulse 

Energy 

Excdotion 

3ol-hi if. \r V.’«i* w cr, (e) 

gr./lOO 

Air, CmM: 

Impulse 


20 C 0.0- 

Under Woter; 

^O'-C O.if 

Peak Pressure 

1 So l acill" of Water (a) 

Impulse 

1 srr./l00 gm: 0.C- 

Energy 

3cf.:bii;v,-, r?J 100 ,'T.. 

Underground: 

f : - 2;°C, i r: 


Peak Pressure 

Ether 

Alcohol 

impulse 

2:1 E h e r: A1 c o h o L 

Energy 

A 0 2*. cry 

He«j . of: v ' ft) 

Vic c:-.. -:r'.c: (O 1 


Cor.; JC . i Ci. . '‘C; 1 / 

?.¥% >5 ior;, ccj/‘‘ 

'ir.z , fl 







V 


- - 
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1,2,4-Butanctrlol Trinitrate (Bay) liquid 


Preparation (laboratory Procedure): 

lb * cooled mixture of 73*8 gn of 1POJ& nitric acid, 44.2 gat of 106.2^ sulfuric aeld and 
60.0 gm of 96*1^ sulfuric add, 30 ©us of the original (or redistilled) 1,2,4-butanetriol vy 
addad dropviee with agitation for a parted of thirty minutes. The temperature of tha reaction 
mixture wm kept at 0°-5°C. Whan tha agitation was completed stirring ana continued for one 
and one-half hours. Hie alxtur* vas poured into Ice eater, an3 the resulting oil auapenalon 
urns extracted vlth three 100 id 111 11 ter portions of ether. Hie combined ether extracts ears 
sashed vlth eater, then vlth a 5$ sodium bicarbonate solution and finally vlth eater. Hm neu¬ 
tralised extract eas dried vlth anhydrous calcium chloride and then the ether eaa evaporated. 
Hie yellov oil eas dried in e vacura desiccator over anhydrous calcium chlorida until tha mate¬ 
rial eas brought to constant velght. 


1,?,4-butanetrial eas first synthesised by Vtagner and Ginsberg In 1894 by oxidising allyl 
carblDOl vlth potassium penxuiganate under !3lld conditions (Bar 2£, P^3T) - Recently the U. S. 
Rubber Laboratory, under tfce direction of P. Tfcvney, devised s nev synthesis carried out vlth 
allyl acetate end formaldehyde to give 1,2,4-butane triacetate which vaa readily hydrolysed tc 
butanetrlol (U. S. Rubber Company Quarterly Report, My 1946). Working with pure 1,2,4-butane 
triol prepared by an proved technique of the Wagner method, the U. S. Ihival Iebcratory in 
1948 nitrated the butanetrlol on a laboratory and a pilot plant scale (Reference a). 

References: 8 


(a) J. A. Gallagfcan, P. lacrl, J. Bednarlk, and F. McCoU.ua, lue Synthesis of 1,2,4-Butane- 
trtol and the Evaluation of Its Trinitrate, U. S. Naval Powder FactoryTeclinlcei fteSJ-t ^o. 15, 
10 Sep tember 19 **. 

(b) Also see the following Pica tinny Araena. Technical Reports on Butanetrlol Trinitrate: 
1755 sod 1786. 


^See footnote 1, page 10. 
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tsapootHia 

am 91 

tax 9 

C/HRota 

Ssopoct SoaotlloOy, 2 Kg Wh 


Bureau of Mines Apporotut, cm lOOf 

Sample Wt 20 mg 


Picottnny Arsenol Apporatus, in. 16 

? nieinls U/t ftui 

JlJtwiPi® T»f* 

17 

Fiktloa Poedalaei Toot: 


Stool Shot 

Unaffected 

Fiber Shoo 

Unaffected 

Ufa MU ln»W Twt! 

Trioh 


% 

Explosions 

0 

Petals 

0 

Burned 

0 

unonocroo 

100 


Seconds, 0 1 (no cop mod) 

1 

5 Decoaposefs 250 
10 


Molocolor Weight: 

227 



CO, % 

-w 

co% 

-23 

DMdhr: Qnn/ee 12,000 pal 

1.65 


MolHeg Point: "C 


li—Mimj Poiat: "C 


letlieg Ndh *C 


Vammm 

▼ KfoM ^vnwy iivii 

cc/40 Hrs, of 
90*C 

100‘C 

120*C 

135*C 

150’C 


200 Gram Bo 

Sand, gm 


•b Send Tost: 


JoosUMtf to IsMtHos: 

Minimum Detenoting Charge, gm 
Mercury Fulminate 
Leod Azide 

» Al&rSotlve Initiating eban 

ieNMc Mortar, % TNT: ( a ) 

Tvoozi Tost, % TNT: 


7S‘C h-t—H— < Haat T«*t: 

% Lom in 48 Hr* 


100'C Hoot Tost: 

% Loss, 1st 46 Hrs 

0.15 

% Loss, 2nd 48 Mrs 

0.15 

Explosion in 100 Hrs 

None 

FlsmanUHty lades: 

195 

HyraacapIcUr: % 30°C, 90V RH 

O.C 

VatoMMy: 50°C, 13 da; a 

1.03 


Plate Deaf Tt t: 

Method 

Condition 

Confined 

Density, gm/cc 
Brisonce, % TN7 

(b) 

B 

Pressed 

\<o 

1.6l 

126 

B 

Pressed 

No 

1.20 

75 

PihMtios Bata: 

( c ) 


Confinement 


None 

Condition 


Pressed 

Charge Diameter, in. 

1.0 

Density, gm/cc 


1.59 

Rote, meters/second 


8100 






























to mm HE, M71 Projectile, Lot WC-tl: 

Density, gm/cc 

1.62 

Charge Wt, lb 

2.102 

Total No. of Fragments: 


For TNT 

703 

For Sul ,ect HE 

U36 

3 inch HI, M42A1 PioieeSla, Lot KC-5: 

Density, gm/cc 

1.64 

Charge Wt, lb 

0.661 

Total No. of Fragmentt: 


For TNT 

51 1 * 

For Subject HE 

710 

Fragment Velocity: ft/sec 

At 9 ft 

At 25V4 Ft 

2800 

2530 

Density, gm/cc 

1.61 


Blast (RiMvi to TNT): 
Air: 

Peak Pressure 


Under Water: 

Peak Pressure 


Underground: 
Peak Pressure 


SktpK Charge Effectiveness, TNT = 100: 

Glass Canes Steel Cones 

Hole Volume 

Hole Depth 

Color: 

White-buff 

Principal Uses: 

HE, SAP, AP projectiles; 

Shaped Charges 

Method of Loading: 

Pressed 


^Inmnn 


Method 

Dry 

\ lozord Closs (Quantity-Distance) 

Ciaaa 9 

Compatibility Group 

! 

Group I 

Ej Jetton i not exude at 65°C when vexes 

editing sharply at or abo/e 75°C are used. 

Preparation: 


I A vater slurry of FDX Is heated to 100°C 

vlth agitation. Wax and a vetting agent are 
added and the mixture, under agitation, Is 
ccoled belov the melting poJnt of the vax. 

The V8x coated FDX is collected on s filter 
and an- dried et 75°C. 

Effect of Tempera turf on 

Fate of Detonation: 

16 hra at, °C -54 

De'.slty, grr./cc 1.51 

Rate, m/aec 7600 

(•) 

21 

1.51 

7620 

Be06ter Sensitivity Test: 

(d) 

Condition 

Tetryl, gm 

Vax, in. for Detonation 

Density, grr/cc 

Pressed 

LOO 

1.70 

1.62 

Heat of: 


'V’tbuet lor.., cel !vm 
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Composition A-3 


Compatibility vlth Metals: 

Dry - Aluminum, at&lnless steel, mild eteel, mild steel coated *rith acid-proof black paint 
and mild steel plated vlth nickel or zinc are unaffected. Copper, magnesium, magnesium-aluminum 
alloy, brass and mild steel plated vlth cadmiur. or coprti are slightly affected. 

Wet - Stalnlef j steel is unaffected. Copper, alrjainum, magnesium, brasr, mild steel, mild 
steel coated wit*. acid-proof black paint and mild rteel plated vlth copper, cadmium, nickel or 
zinc are slightly affected. 

Origin: 

Developed by the British during World Wiar II as RDX and beeswax. Subsequent changes in the 
United States replaced beeswax with synthetic wachorused the granulation of RDX and improved 
the method of manufacture. 

Destruction by Chemical Decomposition: 

RDX Composition A-3 (RDX/vax, 9l/9) is decomposed by adding it slowly to 25 times its weight 
of boiling 5< sodium hydroxide. Boiling of the solution is continued for one-half hour. 

References: 9 


(a) L. C. Smith and E. G. Easter, Physical Testing of Explosives, Part III - Miscellaneous 

Sensitivity Tests; Performance Tests , OSRD Report No. 57^6, 27 December 19^5. " 

(b) D. P. MacDougall, Methods of Physical Testing , OSRD Report No. 803, 11 August 19**2. 

(c) G. H. Messerly, The Rate of Detonation of Various .Explosive Compounds, OSRD Report No. 
1219, 22 February 19^3- 

M. D. Hurwltz, The Rate of Detonation of Various Compounds and Mixtures , OSRD Report 
No. 5611, 15 January 19^- 

(d) L. C* Smith and S. R. Valton, A Consideration of RDX/Wax Mixtures as a Substitute for 
Tetryl in Boosters , NOL Memo 10,303, dated 15 June W- 

(e) W. F. McGarry and T. V. Stevens, D etonation Rat : 3 of the More Important Milltary Explo¬ 
sives at Several Different Temperatures , EUTR No. 2353.“November 1956. 

(f) Also see the following Pica tinny Arsenal Technical Reports on RDX Composition A-3: 


0 

1 

2 

l 

k 

5 

6 

7 

6 

9 






— 


— 

13 w 

1*»51 

11*92 

11*93 

11*21* 

1325 

155(3 

I607 

1330 

1639 

1910 

1761 

2112 


lfll* 

I63I* 

2151* 

1585 

1595 

171; 

1635 

2235 

1938 

17-3? 

1 ('97 

1338 

17^3 

183S 

2179 


^See footnote 1, page 10. 
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ltlon B 


% 

ROC 

TOT 

tfcx, added 


-1-W,| t L| 

IVIPVCVIVk wvvgwa 


224 

O 17 IM IsIlMC' 



CO, % 


-*►3 

CO % 


10 

Density: gm/cc 

Cast 

1.65 


C/H Ratio 


■ M t f MHHhf* 2 Kg Wh 
Boreou of Mines Apparatus, cm 
Sonjda Wt 20 mg 
Ptcofimty Anenoi Apporotus, in. 


Sample W», mg 

19 

rimvpi riPOT^m 


StMlShet 

Unaffected 

Fiber Sho. 

Unaffected 

RMt Ballet Impact Teat: 

Trial* 


% 

Explosions 

3 

Portia Is 

13 

Burned 

4 

Unaffected 

80 


Seconds, 0.1 (no cop used) 

526 


1 

368 


5 Deeenpoeea 

278 


10 

255 


15 

> 25o 


20 

*250 


75*C Intemnfitnnl Heat Teel: 



% Lott in 48 Hr* 



100*C Heat Test: 



% Lots, 1 st 48 Ha 


0.2 

% Loss, 2nd 48 Ha 


0.2 

Explosion in 100 Ha 


None 

r?immeHBfy Index: 


177 

Hjnwca»teltyi % 30°C, 90^ RH 

0.02 



MNof ratoh *C 

Refvective Index, n® 

1 

n£ 


n£ 


Veceem SteMBty Test: 


cc/40 Ha, ot 


90 # C 


1G0*C 

0.7 

120*C 

0.9 

135*C 


150*C 

11+ 

200 Gram lewb Seed Test: 


Sond, gm 

54.0 

BfWBWITWy If IlmWmMi 


Minimum Detonoting Charge, gm 


Mercury Fulminote 

0.22* 

Lead Azide 

0.20* 

* Alfe&tlve initiating charge._ 

MfeXc Mortar. % TNT: {•) 

133 

Tim* 1 Tta», % 1 NT: ( b ) 

130 

Plate Dent Test: (c) 


Method 

B 

Condition 

cast 

Confined 

No 

Density, gm/cc 

■ .71 

Brisonce, % TNT 

132 

Detonetfea Rete: 


Confinement 

None 

Condition 

Cast 

Chorge Diometer, in 

1.0 

Density, gm/cc 

1.68 

Rote, meters/second 

7b4o 
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tender SeueMvfep Tom. 

Condi tk^ 

Tetryl, gm 

Wax, In. for 50% Detonation 
Won, gm 

Density, gm/cc 

(d) 

Ceet 

100 

i.ko 

1.69 

Heat at* 


(e) 

Combustion, cjl/gm 


2790 

Explosion, coi/gm 


121*0 

Gat Volume, cc/gm 



Fomiotion, col/gm 



Fusion, col/gm 

a) 

£.0 

Hurt: col/gm/*C 

0 ) 


2c. 



-75 0.235 

75 

0.376 

0 0.220 

85 

0.35 1 * 

25 O. 25 J' 

90 

0.3**1 

50 0.305 

100 

0.312 


tamk*t Rate: 

cm/i«c 


Thermal CmAcHvOy : 

c<»l/tec/cm/*C 

CwWMwl ef 1spa—len: 

l inner, %/ m C 

Volum#, %/'C 


Oxygen, otoms/sec 
(2/sec) 

Heat, kilocalorie/mole 
(AH, kcol/mot) 

Temperotura Range, *C 

°hase 

Ararat Mate Impact Test: 

(«) 

| 

40 mm Matter MjNtib: 


50% Inert, Velocity, ft/sec 

209 

Aluminum fineness 


5004b General Pmprae BraW: 


Plate Thickness, inches 


Trials 

i Inert 

I k 

100 

Hi 6 

50 

H* 2 

0 

Hi 0 



I Herman, Mobs* Scale: 

Yeeng't Madeira: 


IE', dynesAm* 


E, Ib/inch* 


Density, gm/cc 


Cemprasshre Strength: Ib/inch 7 (b) 

1610-2580 

Density, ga/cn 

1.68 


Vif«r Fnawn: 

•c 


mm Mercury 


leanb Drtf Test: 

T7 ( 2000-lb Seanl-Ara rae -Mercing M r» Cen crr»e: 

Mox Soft Drop, ft 

50Mb General Purpose Btab rt Generate: 

No Seel Seel 

Height, ft 4000 to 

Trial? 65 39 

Uno'> teted 58 36 

Low Order 2 2 

High Order 5 1 

1000-lb General Purpeee leant n Cent rate: 

Height, ft 
Trials 
Unaffected 
Low C ler 
High Order 
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Composition B 


1 Fragmentation Test: 


90 atm HI, MTV Pra^ctiW, La» WC-91: 

Density, gm/cc 

1.65 

Choree Wt, lb 

2 . 18 ? 

Tr-el No. off Fragments: 


For TNT 

703 

For Subject HE 

996 

) inch HE, M42A1 tojtctib, U» KC-5: 


Density, gm/cc 

1.67 

Chorge Wt, lb 

0* CV c 

Total No. off Fragments: 

■ 

For TNT 

51^ 

For Subject HE 

701 

Fragment Velocity: ft/sec 


At 9 ft 

291*0 

At 2S\_ ft 

2680 

Density, gm/cc 

1.68 

Blaet (ReWthrt ta TNT): 

( 1 ) 

Ain 


Peak Pressure 

110 

impulse 

110 

Energy 

116 

Air, Confined: 


impulse 

75 

Under Water: 


Peak Pressure 

110 

Impulse 

108 

Energy 

121 

Undergroand: 


Peak Pressure 

104 

Impulse 

97 

Energy 


Crater railus cubed 

107 


Oiofft IHicMvmin, TNT = 100: 


(g) (h) 

Gloss Cones Steel Cone: 

Hole Volume 170 162 

Hole Depth 12? 1^8 


Color: 


Yellov-brovn 


Principal Uses: Fragmentation bombs, HE 

projectiles, grenades, shaped 
charges 




Method off Loading: 


Lording Density: gm/cc 1. 68 


Method Dry 

Hozord Close (Quantity-Distance) Class Q 

Compotibility Group Group I 

Exudation Very slight when stored at 71°C 


Origin: 

RDX Composition B was developed by the 
British between World War I and World War I 
It was standardized by the United States 
early In World War II. 


Effect of Temperature on 


Rate of Detonation: 



(1) 

16 hrs at, °C 

-Dk 


£1* 

Density, gm/cc 

1.69 


1.69 

Rate, m/sec 

7720 


7660 

Bulk Modulus at Room 



(.:) 

Temperature (25°-30°C): 




? Wax tr v Comp P 

1 

2 

J 

j r.ee/cm 2 x ID* 10 > 

,1C 

t ; 

2 . 31 

Density, ym/cc 1. 

. 72 

1.70 

L. 

Viscosity, poises: 




Temp, r$b;: 



2.1 
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C ompatibility with Metals: 

Dry - Magnesium, aluminum, magnesium-aluminum alley, mild steel, Ltainless 6teel, mild steel 
coated with acid-proof black paint and mild steel plated vlth zinc or nickel are unaffected. 
Copper, brass and mild steel plated vlth copper o** cadmium are slightly affected. 

Wet - Aluminum and stainless steel are unaffected. Copper, brass, mild steel, mild cteel 
coated with acid-proof black paint and mild ateel plated with cedmlu copper, nickel or zinc 
are slightly affected. Magnesium and magnesium-aluminum alloy are more heavily affected. 

Preparation: 

Water vet RBX is added slowly with stirring to molten melted in a steam-jacketed kettle 
at a temperature of 100°C. Some water is poured off and heating and stirring are continued un¬ 
til all moisture is evaporated. Wax is then added and when thoroughly mined, the composition 
is cooled to a satisfactory pouring temperature. It is cast directly into ammunition components 
or in the form of chips when Composition B is to be utored. 

Destruction by Chemical Decomposition: 

RDX Composition B is decomposed in 12 parts by weight of technical grade acetone heated to 
45°C» While this is stirred vigorously, there is added 12 parts of a solution, heated to 70°C, 
of 1 part sodium sulfide (liagS'^gO) in 4 parts water. Ihe sulfide solution is added slowly so 
that the temperature of the acetone solution does not rise above 6o°C. After addition ^ com¬ 
plete, stirring is continued for one-half hour. 

References: 10 

(a) L. C. Smith and E. G. Eyster, P hysical Testing of Explosives, Part III - Miscellaneous 
Sensltl.^ty iPeata; Performance Tests , OdRD Report No. 57^6, 27 December 19^5- 

(b) Philip C. Keenan and Dorothy Pipes, Ifeble of Military High Explosive s; Second Revision , 
NAVORD Report Ro. 87-46, 26 July 1946. 

(c) D. P. MacDougell, Methods of Physical Testing , OSRD Report No. 803, 11 August 1942. 

(d) L. C. Smith and S. R. WAlton, A Consideration of RDX/Wax Mixtures as a Substitute for 
Tetryl in Boosters , NOL Memo 10,303i 15 June 1949* 

(e) "jmmittee of Divisions 2 and 8, NDRC, Report on HB V and Drltonal , C r RD Report No. 5406, 
31 July 1945. 

(f) W. R. Tomlinaon, Jr., Blaat Effecta of Bomb Explusivee, PA Tech Div Lecture, 9 April 

1945. -- 

(g) Eastern Laboratory, du Pont, Investigation of Cavity Effect, Sec III, Variation of Cavi¬ 
ty Effect with Exploalve Composition , MBC"Contract W672-ORD-5723. 

(h) Eastern Laboratory du Pont, Investigation of Cavity Fffect , Final Report, E Lab du Pont, 
Contract W-672-ORD-5723, 13 September 1943* 

(i) W. F. McGarry and T. W. Stevens, Detonation Rates of the More Important Military Explo¬ 
sives at Several Different Temperatures. PAi*R No. 23^3, November, I 95 I. 


TO 


See 


footnote 


l, page 


10 . 


49 
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Opposition B 


(j! W. S. Cnutr, ftilh Coanreaalblllty Data on Several High bploalv«i i HAVORD Report Ho. 
•>300, 15 SspiPber 1956. ” 


1360 

1530 

2100 

ZL6C 

8190 


Alto SM 

the following Plea tinny Araenul Technical Faporta on I 

1 

2 

1 

4 

i 

6 

I 

12X1 

1402 

1313 

1224 

1325 

1466 

1207 

1*51 

1482 

1433 

1424 

1435 

1476 

1437 

2131 

1592 

1003 

1944 

1585 

1556 

1457 

2151 


1983 

2004 

1595 

1756 

IV 37 



2053 

2104 

1865 

1956 

1797 



2063 


1885 

223' 

2007 



2103 


2055 


2147 


2233 


2125 

2155 

2175 

2235 


8 

1338 

1388 

1438 

1458 

1688 

1728 

j.828 

1838 

1978 

2008 

2136 

2168 


1339 

1379 

1469 

1819 

"019 


(I) C. Lanehltr, V. Beach and R. Valicky* Enthalpy Changes, Beat of Tualo n and Specific Heat 
of Kale teloalvea. RATH Ho. 2504, January 1959* 


90 







oaltlon B, Desensitized 
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Caas^tatfHaa: 

I* 

11 *# 

% 



R1BC 

60 

55.2 

TWT 

Wax, added,(stanolind 

ko 

kO.O 

or Ariatoaiax, 1650 / 
170OF) # l% 

5 


VlaylaMl (MA28-1U), 

•ddad 

Vlstuwz (B120) 

2 

i-i 

Alba ear Wax 


3.6 

C/H Rot* 



layact SwiitMty# 2 Kg Wt: 

I* 

II** 

Bureou of Minas Apporotus, cm 

95 


Sompla Wt 20 mg 

PieoSinny Arsenal Apparatus, in. 

lk 

13 

Sompla Wt, mg 

17 

16 

ffmlPi rVWOTVWV 1 fWI 



Staal Shoe Unaffected 

Fiber Shoe Unaffected 


lUfla leaflet Impact Test: Trials 



% 

I* 

II** 

Explosions 

0 

0 

Portiols 

0 

0 

Burned 

5 

0 

Unaffected 

95 

100 

Bxpleslsa Ta svetara: 9 C 

Seconds, 0.1 (no cop used) 

1 

5 Decomposes 

£L 

II** 

260 

270 

10 



15 



20 



7S*C leterasHsool Heat Test: 



% Low in 48 Hrs 




Melecaler Weigh* 


kt C Heat Test: 

I* 

IT** 

°c Loss, 1st 48 Hrs 

0.05 

0.12 

% Loss, 2nd 48 Hrs 

0.19 

0.18 

Explosion in 100 Hrs 

None 

None 


HmuMMty lain: 
Hyfntcafkily: % 


Ve*aNflty: 


Oaygea lefeace: 



CC % 

See Cyclonlte 

See Ooop B 

CO 

See tyclonita 

Sea Coop B 

Density: gm/rr 

Ctat 1.65 

1.65 


Matting Mat: *C 


FiwiIih) Mat: 9 C 


UUaa Mai, •/* 

■Fiwnanw™ w aim • w 


Rifractivt Ia4ti< n£ 


Vocaaai Stability Tati: I* 

cc/40 Hr*, of 
90‘C 
100-C 

120 e C 0.99 

135°C 

»50*C 11* 


mmn Qntm Btab M Test: I* 

Sond, gm 52.7 


Sensitivity ta laMettea: I* 

Minimum Datonoting CHorgc, gm 
Mercury Fulminote 
Leod Azide 0.22 

Tetryl 


Ballistic Mortar, % TNT. 


Tread Tatt, % THT: 


Mata Dent Tatt: 

Method 
Condition 
Confined 
Density, gm/cc 
Bhsonce, % TNT 


Patoaat ioa lU'e; 

Confinement 

Condition 

Chorga Diameter, in. 
Density, gm/cc 
Rote, meters/second 


♦Desensitized Coon designated I, uzt* emulsified vax 
•♦IXsenB'tized Comp 3, designated II, uses sated RDX- 






















oaition Bt Desensitized 


/ r- 


N|mwfaHoii Test: 


90 min HE, M71 Projectile, I 

Density, gm/cc 
Charge Wt, lb 


Total No. of Fragments: 

["or TNT 
For Subject HE 


3 inch HE, M42A1 Projectile, LoHJC-5: 

Density, gm/cc TT65 


Density, gm/cc 
Chorge Wt, lb 


Total No. of Fragments: 

For TNT 
For Subject HE 


Fragment Velocity: ft/sec 
At 9 ft 
,V 25 ^ ft 


Density, gm/cc 



Blest (Relotira to TNT): 


Ain 

Peak Pressure 


Impulse 

Energy 


Air, Confined: 

Impulse 


Under Water: 

Peek Pressure 


Impulse 

Energy 


Underground: 

Peok Pressure 


Impulse 

Energy 


♦Iteserisi* 3 zed Comp B, designated uses 
er.'iuicl f i ed vox. 

* # Defier.3iti.ied Comp B, c'k-ri. : *2ted II, uses 
coated BDX. 


Shaped Charge Effectiveness, TNT =100: 

Gloss 

Hole Volume 

Hoi* D*pth 

Steel Cones 

Color: 

Yellow-brown 

Principal Uses: 

Bombs 

Metnod of Loading: 

Cast 

Loading Oonslty: gm/cc 

1.65 

Staragt: 


Method 

Dry 

Hozord Closs (Quontity-Distcnce) Class 9 

Compotibility Group 

Croup I 

Exudation 



Viscosity, poises: 


Temp, 33°C 

95°: 


3-5 3-1 

2.6 2.7 


References: 


(a) See the following Flea tinny Arsenal 
Technical Reports on PDX Composition B, 
Desensitized: 


1313 1.^3^ 175C 

20? 3 1 




I- 
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OBBtoltlon c 












it ion c-2 


AMCP 706-177 


% 

RISC 

TRT 

WT 

m? 

m 

Solveot 
C/H Retie 


Ourtou of Minn Apparatus, cm 
Sompte Wt 20 mg 
RcoH(vi)f Areenel Apporelui, lw. 
Semple Wt, mg 


MfAoCttlBv WeigL 


OiyfM Mmm: 

CO* % 

CO % 


Mhr:flm/cc 


feta* 'C 


Fnsetag feta* *C 


C 


**«-- - * g*.— 

sup jnw 

ftfer Shot 


l^optow 

fefttatt 

Burned 


$eccnds t 0.1 (no eop mod) 

1 

5 Decompose* 265 
10 
15 
20 


7f*C laierasfttaool Meet Tee* 

% Lon in 48 Hn 


1B0*C Hoot To#* 

% Lon, lit 48 Hr* 
% Lon, 2nd 48 Hn 
Explosion in 100 Hit 


% 30 °c, 95* HH 


25°C, 5 a.y. 


Vecmmei StaMfcy Tosh 

cc/40 Hn, of 

90*C 

100 X 

I20*C 

13 VC 

150*C 

2.0 

9.0 

1 208 9mm Ista Seed Tes* 

1 Sond, gm 

*•7.5 | 

8, - ,tiL,ta„ ^ 

Minimum Detonating Oorge, gm 

Mercury Fulminoto 

UodAikfe 

0.25 

Tetryi 

0.10 

OolUatk Mortar, % TNT: 

(•) 126 

.[ Trend Test, % TNT: 

ffUtOtaTah 

(c) 

Method 

B 

Condition 

Rend temped 

Confined 

Bo 

Density, gm/cc 

152 

Brisonce, % TNT 

111 

- OohiNm Itatat 

(a) 

Confinement 

Bone 

Condition 

Hind temped 

Chorge Oifneter, in. 

1.0 

Density, gmA c 

1.57 

Rote, »neten/teeond 

7660 



















































itlon C-3 


AMCP 706-177 


fimpiilrtsn. 

\ 

HBOC 

77 

Tetryl 

3 

BIT 

k 

HIT 

10 

MKT 

5 

HC 

1 

C/H Rotio 


Impact iaaaftlrtty, 1 Kg Wt: 


Bureou of Mines Apparatus, cm 

10CH 

Sample Wt 20 mg 

Picotinny Arsenal Apparatus, in. 

lk 

Sample Wt, mg 

33 



Steel She* Unaffected 

Fiber Shoe Unaffected 

KM* MM tape* Tart: Trial* 


% 


Expiation* 0 

Partial* 1*0 

Burned 0 

Unaffected f>0 


Expkeie* Tempereteve: C 


Seconds, 0.1 (no cap used) 


1 

5 Decomposes 280 


10 


15 


20 


9|if i—m. -*t-a Um* Toai* 

w w w me^^PP a • 


% Loss in >$ Hn 


100*C Heat Task 


% Loss, 1st 48 Hrs 

3*20 

% Loss, 2nd 48 Hrs 

1.63 

Explosion in 100 Hrs 

None 

PlaaMiaMlil/ lades* 


99 %PHW 


Oxyf.ii M«k«: 

CC* A- 

co% 


PiMtt yi gm/cc 


M«h *C 


Wat: *C 


C 


§aIaa#AIma _D 

RWIWww |||0 

n£ 

n* 


Vccwa I fWty Teal: 

cc/40 Hrs, ot 
90*C 

100*C 1-21 

120V 11+ 

135 V 
150'C 


SflOfwMMTM; 

Sand, gm 53* 1 


Minimum Detonoting CHorge, gm 
Mercury Fulminate 

LeodAiidt 0*20 

Tetryl 0*08 


laMstk Me*ter, % TNT: (a) 126 


Tread Test, % TNT: 


Mata Dent Tnl; (c) 

Mathod B 

Condition Rand tamped 

Confined No 

Density, gm/cc 1»57 

Brisonce, % TNT 11® 


Hy g ro ice p klt y: % 30°C, 95# RH 2. 


VetatMty: 25°C, 5 days 1*15 


P a t a a at ka fteta: 

Confinement 

Condition 

Chorge Diometer, in. 
Density, gm/cc 
Rote. metersAeccid 


None 

Hand tamped 
1.0 
1.60 
762S 
























AXCP 706-177 


PrspcassSsNsa Tart: 


| 90 sms Mt, H71 Pvejrstfs, 1st WC-tli 

Density /n/tc 

158 

ChorgsWt, & 

20*>5 

TsMNa«fN|asrtR 


For TNT 

703 

tee Subject HE 

9*& 

1 lack m» MOA1 FrejsctMa, 1st KC4: 1 

Density, gm/cc 

1.60 

ChorgaWt, lb 

0.81*2 

Tstsl Ns. si PrsfinH: 


For TNT 

51** 

For Subject HE 

671 

rVVQMM* TCanfS TT/SOC 

At 9 ft 

At 25*** 


Density, gm/cc 



Meat (RelsNve I* TNT): 
Air: 

Psok Pressure 
Impute* 

6 »1» 

Ale, MMi 
Impulse 

Under Water: 

Psok Pressure 

Impulse 

Energy 


Psok Pressure 

Imputes 

Ensrgy 


Steeps 4 Ctest* SHfHreait, THY = 100: 

Glen Const Steei Const 

Hols Volums 
Holt Death 


Cslsr: Ysliotr 


Plastic demolition explosive 


Hand tasped 


ksrefs : 

Method Dry 

Hazard Class (Quantity-Distance) Class 9 

Compatibility Grot** Group I 

Exudation Exudes at T7°C 


Plasticity: 

Belov 0°C 
0-k0°C 
Above kO°C 

Booster Sensitivity Test: 


Hard (-29°C) 
Plastic 
Exudes (77°C) 


Condition Pressed 

Tetryl, gm ICO 

WOx, in. for 50^ Detonation 1.36 

Density, gm/^c 1.62 

References : 

See references for Composition C-4. 














Ition C-l 


AMCP 706-177 


Plasticiser, non- 
exploelre 9* 

* Contains poly isobutylene 2.1$; no cor ail 
l.#6jt and di(2-etfaylhexyl) sebacate 

C/H Ratio 


§y»sou of Minas Apporotus, cm 
Somplt Wt 20 mg 
Ptootinny Ananol Apporotus, in. 
Sompla Wt, mg 


Mcdaa NdAm Test: 


Steal Shoe 

Unaffected 

fr -v Shea 

Unaffected 

Riflt Mat Impact Ted: 

Trials 


% 

Explosions 

0 

Portals 

0 

Burned 

20 

Unoffactad 

60 

hptrtn Tamparatata: 

•c 

Seconds, 0.1 (no cap used) 

1 


5 

290 

’0 


15 


20 



7S # C lag intHan l Hast Tost: 

% Lou in 48 Hn 

100*C Mast Taet: 


% Ira, Jit 46 Hn 

0.13 

% lev., 48 Hn 

0.00 

Exp.' r/on in *00 Hn 

Rone 



: 

ttyffaccapklty: % 

30°C, 95# RH Nil 


Ms ncu ltr Wilhtt 


Oiyfw Selaacas 

CO* % 

co% 


ftm>y: pm/cc 


Mofttof Hkt*: *C 


rVPSM| rPm \» 


Mm Prfafc *C 


Vacuum StoMRy Tad: 

cc/40 Hn, ot 
90*C 

HXTC 
120 C 
135°C 
150 # C 


200 Gram iam b Sand Tart: 

Sand, gm 


Minimum Catenating Charge, gm 
Mercury fulminate 

Lead Azide 0*20 

Tetryl 0*10 


BaWdit Meter, % TNT: (a) 130 


Trmml Test, % TNT 


Plata Cent Test: (c) 

<vWthod E 

Condition Hand tamped 

Confined No 

Demitv, gm/cc 1-fO 

Brisonca, % TNT U5 


Oataaatiea Rcta: 

(d) 

Confinement 

None 

Condition 

Hand tamped 

Charge Diameter, in. 

1.0 

Density, gm/cc 

1.59 

Rotw, meten/se^ond 

80^0 


























AXCP 706477 


ltion C-4 


fQ mm HI, Mil ‘leJectHe, let WC-91: 

Dm«ty # gm/cc 
Chorgt Wt, lb 

«IWM> Pmwwhi 

For TNT 
For Subject HE 

3 toe* HI, M42A1 ******, Lat KC4t 

Density, gm/cc 
Chorge Wt, to 

TeM N>» el Fiepeif t 

For TNT 
For Subject HE 


rapMtor Vetod t y ; ft/tec 
At 9 ft 
At 25H ft 

Density, gm/cc 


Meat (Ketottve te TNT): 
Ain 

Pack Pressure 

Impulse 

Energy 

Air, Caeftoad* 
Impulse 

Under Weten 

Peok Pressure 

Impulse 

EiMiyy 


Peok Pressure 

Impulse 

Energy 


Staged C*4«ge Iffattfrsesas, TNT = 100: 

Gtoee Cones Steel Cones 

Hole Voiijme 
Hoi# Depth 


Ceton Light brovb 


Uses: Pleetic demolition explosive 


Hand tanped 


Leadtog Deaafty: gm/cc 


1.60 

StoMfT 



Meftrd 


Dry 

Hototd Clots (^Mnllly^istanc*) 

Class 9 

Compatibility Group 


Group I 

Exudation 

None at 77°C 

Effect of ‘Temperature 
Hate of Detonation: 

on 

(i) 

16 hre at, °C 
Density, gm/cc 

-5*» 

21 

1.36 

1*35 

Rate, o/aec 

7020 

70J»O 

Plasticity: 



Belov 0°C 

Plactic (-f7°C) 

o.ko°c 

Plastic 

Above kO°C 

Plastic (T °C) 


^vj^- 













AMCP 70647? 


CorooaltloaB c. 3£l*3i. £* 


Preparations 

In manufacturing Cfc^oaltlan C-3# the sized plasticising agent Is bested in a salting kettle 
at 100°C. Utter-vet KEK la added and heating and stirring are continued until all the vater la 
evaporated. This mixture la then cooled and hand pressed Into deaoll tlon blocks or special Item 
ammunition. 

Ooavosltlon C-4 la prepared by hand kneading and rolling, or In a Schrader Bovl sixer, RISC 
of Mi sicron alee or less with the polyisobutylene-plaaticizer previously nede up In ether. The 
thoroughly blended explosive Is dried In air at 60°C and loosely packed ty hand tasplng to Its 


Origin: 

Developed by the British during World war II e a a plastic explosive vhlch could be band 
shaped. It vas standardised In the United States during World Uar II and subsequent development 
led to mixtures designated C-2, C-3 and C-U. 

Destruction by Cheslcal Decomposition: 

Cosposltlon C-3 is decomposed by adding it slovly tc a solution cooposed of 1 l/k parts 
sodium hydroxide, 11 parts ’/ater, and k parte 95 $ alcohol, heated to 50°C. After addition of 
Ooapoeltlon C-3 is coeplete, the solution is heated tc 8 crc and maintained at this temperature 
for 15 minutes. 

References: ? l 

(a) Cosslttee of Dlv 2 and 8, ITT*,, Report on HtfX and TTa tonal , OSRD Ko. 5^06, 31 July 19U5. 

(b) Philip C. Ktjenan and Dorothy Pipes, Table of Military High Explosives, Second Revision, 

HAVORD Report Ho. 87-^6, 26 July 19^6. ---- 

(c) D. P. MacDougaU, Methods of Physical Testing . OSRD Report Ho. 803, 11 August 19^2. 

L. C. Stalth and E. 0. prater, Physical Testing of Explosives, Part III - Miscellaneous 
Sensitivity Teste; Performance Pests . OSRD Report Ho. 5746, 5? December 19*15. 

(d) 0. H. Messerly. The Rate of Detonation of Various Explosive Compounds, 0i«RD Report No. 

1219, 22 February 19U3. - - 

M. D. Hurvitz, Pie Rate of Detonation of Various Compounds and Mixtures , OSRD Report No. 
5611, 15 January 19U6. 

^e) W. R. Tomlinson, Jr., Blast Effects of Bomb Explosives , PA Tech Dlv Lecture, 9 April 

(f) Eastern Laboratory, du Pont, In vesti g ation of Cavity Effect, Sec ITT, Variation of Cavi- 

ty Effect vlth Explosive Compoaltlon ,"HDRC Cot.tract W672-0R1X??23. "" 

(g) Eastern Laboratory, du Pont, Investigation of Cavity Effect. Final Report. 18 Seotenber 

19^3# MFC Contract W-672-CRD-5723. - 

(h) L. C. Smlt and S. R. Walton, A Consideration of RDX/Wax Mixtures as a Substitute for 
Tetryl In Boosters , HOL Memo 10,303, 15 June 19^9. 















AJfCP 706-177 


r Chlorotetrasole 


Meietulet Weight: ( Cuc^ga2) 


aped SeaeRMy* 2 Ka Wlh 

Bureau of Mines Apparatus, cm 
Sample Wr 20 mg 

Wcotfnny Arsenal Apparatus, in. 1; (l lb vt) 3 
Sample Wt, mg 9 


gm/cc 


C 


c 


Htoh *C 


Medea FeaMan Test: 



Steel Shoe 


Exploded 

Fiber Shoe 


Exploded 

Ride ioBd Import Test: Trials 


Explosions 

Portiois 

Burned 

Unaffected 

% 


ExpMee TeespeieSere* 

Seconds, 0.1 (nc cop used) 

1 

5 

°c 


305 


10 



15 



20 



7S a C lots re ode eel Meet Test: 

% Loss in 43 Hrs 

100*C Meet Teel: 



% Loss, 1st 48 Hrs 


2.67 

% Lee, 2nd 48 Hr* 


0.10 

Explosion in TOO Hrs 


None 


NyfiwMtklhr: % 30°C, 90 i RH 

3.11 


OTVOTWVy V WWm* 

cc/40 Hrs, of 
90°C 

100’C 

120*C 

135*C 

1WC 


VeNtfRty: 


• ^ 4^ ■ -t^f _Af 

nwnvny w imvwivvwi 

Minimum Detonating Charge, gm 
Mercury Fulminate 

Leod Azide 0.20 0.30 

Tetryl 0.10 


leUistk Merter, % TNT: 


Tread Teel, % TNT: 


Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 


Confinement 

Condition 

Charge Diameter, in. 
Density, gm/cc 
Rate, meters/second 





























0.155 

0.3910 

























AJfCP 706-177 





Preparation : (a) 

fin 5 rm of 5-aninotetrasole arc dissolved In a ulxture of 200 al of water and 70 al of 
ooneantratad ML. rnough kerosene or nujol (which gives a slightly claanar product) la added 
to provide a layer uf oil approodaetely l/H" thick on the surface. With only aodarata stirring 
and external coolly to 10°-15°C# a aolutl >n of 5 (grass of sodlua nitrite in 70 ec of water Is 
added rapidly by naans of a burette extending below the oil layer, mediately after this addi¬ 
tion, a solution of r gs of cupric chloride In a nlnlaum saount of water la added all at once, 
and atirrlig la continued for about 1 hour. The rtk V ion nlxture la allowed to stand for a few 
alnutea till the bright blue copper salt separatee. Ae oil la renewed by decent*tloO and nay 
be reused. She salt la filtered; washed with water alcchol, end echar; end dried - giving e 
yield of 6 grans or Tty* 



N » H+-C1- 


♦2H 2 0 


Origin: 





The copper salt of 5-ch^arotetrazole was first described in 1929 by H. Stolle (with 
B. Schick, F. Henke-Stark and L. Krause) who prepared the ccopound by reectlon of the dlaxo- 
nlun chloride of 5-anlnotetrazole with copper chloride (Ber 62k, 1123)- 


Beferences: 12 


(e) R. J. Qaughrac and J. V. P. Khufhan, Synthesis end Properties of Hslot^trazole Salts , 
Bk» Bo. 2136, February 1955* 


(b) A. M. Anzalooe, J. £. Abel and A. C. Forsyth, Characteristics of Explosive Substanc es 

for Application In A—unltlon, BkTR Bo. 2179/ May 1955- _ ' T \ 

(c) A. C. Forsyth, Pfc, S. Krasnar and R. J. Geughran, Development of Qptlnun Explosive 

Trains- An Investigation Concerning Stab Sensitivity versus LoaJlngtensity of Sone Initiating 
flo^ounis, »» f ebr^ary -*-“-“-^ 


l2 $e« footnote 1, page 10. 
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AMCP 706-177 


Cy. auric Trl.ildc 


r '% 

C 17.6 H 3 

1 82.b -i 

/ H 

Mihnhr Weight: ( CjN^) 

20b 

Oaygea Bateau: 

CO, % 

CO % 

•47.1 

-23.5 

Jaadtr: flm/ee Crystal 

1 . 5 b 

Hrl I-n 3 

C/H Ratio V 


94 


Impact SmftMy, 2Kg Wh 

Bureau of Mines Apparatus, cm 1 kg vt 7 

Sample Wt 20 mg 

Ploetinny Arsenal Apparatus, in. 

Sample Wt, mg 

fezrE3Lemai^WMHI 

Retractive Index, 

nS 

McMwi NbMmi T«h 

StMlShM 

grt-fL n , 

never snae 

Veceen StetMty Teat: 

cc/40 Hrs, at 

90*C 

100*C 

120-C 

125*C 

150*C 

KMe Baft* Impact Tec* Trials 

% 

Explosion* 

Partial* 

Burned 

unorrecfeo 

200 Gram Bank Sami Test: 

Sond, gm 

32.2 

Exptjtiea T*mpinter*: *C 

Seconds, 0.1 (no cop used) 252 

\ 

5 

10 

IK 

m -ur - 

NMITWy IB IBh^mIBN* 

Minimum Detonat'.ng Charge, gm 

Mercury Fulminate 

Lead Azide 0.20 

Tetryl 0. L0 

19 

20 

iatMstk Mortar, % TNT: 


Tread Tad, % TNT: 

7S*C hUariml Hm» Tat*: 

% Lou In 48 Hrj 

Plate Deet Test: 

Method 


100'C Neat Test: 

% Loss, 1st 48 Mrs 
% Loss, 2nd 48 Hn 

Explosion in 100 Hrs 

Condition 

Confined 

Density, gm/cc 

Brisonce, % TNT 





thmMj imita: 

DjlMWlM RflNh 

Confinement 

- 

HygreecepkOy: % 

Condition 

Charge Diameter, in. 

Density, gm/cc 

Rote, meters/second 

0.3 

1-15 

5550-5600 

VeMBty: Decomposes above 100°C 

i_ ___—- ... 







































AMCPTM~m 


Cyanurlc Triaside 


Prepay ti on; 

the reaction of cyanurlc chloride vitfe an aqueous solution of sodlua aside: 

N 

✓ \ 

B~-C C-H- 

♦ 3HaH —» * I | 3 ♦ 3HaCl 

* » 

V' 

I 


Recrystalllcation should be avoided as It leads to very large crystals vhich explode sfcen 
broken. 

Origin: 

Cyanurlc Trieside m» prepared in I8b7 by Cahours tram chlorine and Methyl cyanste. 

Later James improved the process (JC8 £1, 268 (1867) and in 1921 E. Ott patented the prepara¬ 
tion ttam cyanuric chloride and sodlua aside (Bsf b) Thy lor and Rlnkenbach prepared cyanurlc 
trlaslde in a pure state and determined its properties (Ref c). 

Initiating Efficiency: 

Reported to be More efficient than lead aside. Capable of initiating Explosive D. 
Solubility: 

Insoluble in eater; readily soluble In hot ethanol, acetone, benzene, and ether. 

Beat of: 

Fomation, cal/ga -1090 to -11 38 

References: 13 

(a) A. H. Matt, CoHpllatlon of Data on Organic Explosives , OSRD Report Bo. 201b, 

29 February 19bb. 

(b) Ott and Ohse, Bar ^b, 179 (1921). 

(c) Thylor and Rlnkenbach, Bureau of Mines, RI 2513 (1923). 

Taylor and Rlnkenbach, J Frank Inst 20b, 3^9 (1927). 


/\ 


ci-c 

I I 

V" 

l 

ci 


:-Ci 


footnote 1, 


page 10. 
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* 

C 16.3 OgK—H 11—ROj 

H 2.7 Hgl CHg 

N 37.8 ^ 

0 43*2 SOg 

C/H Ratio 0.995 

Malacalat Wa%Mt (C^HgOg) 222 

Oqpi Mmm: 

CO. % -22 

CO % 0.0 

DMritm gm/cc Crystal 1.82 

| 

OSMHHI 

Impest ImMHhfi 1 Kf Wh 

Bucaou of Mines Apporotus< cm 3? 

Sample Wt 20 mg 

Picatinny Arsenal Apparatus, in. 8 

Sample Wt. mg 18 

Befltop Ntet: »C 

— P 

n» 

Sim! Shot Explode* 

Fiber Shoe Unaffected 

Vaseem SteMtey Test: 

cc/40 Hrs. ot 

90'C 

100 # C 0.7 

120*C 0.9 

135*C 

150-C 2.5 

Me Met Impest Test: Trials 

% 

Explosions 100 

Portiols 0 

Burned 0 

Unaffected 0 

SOB Orem Bee£ Seed Test: 

Sond, gm 60.2 

EspMee Temperature: *C 

Seconds, 0.1 (no cop used) ^05 

1 316 

5 Decospoees 260 

10 2k0 

>5 235 

20 

Minimum Detonating Charge, gm 

Mercury Fulminate 0.19* 

LeodAzkk 0.05* 

BeWsHc Marter, % TNT: ( t ) 150 

Tiaaat TaM. % TNT: (b) 157 

7S*C f*l*ni *H»a«l H»*t TmI: 

% Let* In 42 Hr* 0.03 

Plate Deet Test: (c). 

Method A 

Condition Pressed 

Confined Yes 

Density, gm/cc 1*50 

Prisonce. % TNT 135 

100*C Meet Test: 

% Loss, 1st 46 Hrs 0 0k 

% Loss. 2nd 46 Hrs 0*00 

Explosion in 100 Hrs Hone 

Pstseetlse Bate: 

Confinement None 

Condition Preesed 

Charge Diameter, in. 1.0 

Density, gm/cc I.65 

Rote, meters/second 3l80 

WawnbWiy lain: (d) 278 

W)i*«n,URri % 25°C, 100* HH 0.02 

VeMBty: HU 


*N*nte given toy Clarence J. Bain of Pics tinny Arsenal. Germans call It Hexogen; Italians call 
it 0*; British, RDX. 


m 
























AXCP 706477 


m _* 

vORWViniJ I Hli 
fnn rlltlnn 

vPnpman 

Tftfyl, 9 m 

Wok, in. for 50% Detonotion 
Wok, gm 
Domfty, gm/cc 


fpodfk hub col/pm/*C 


2e. 

A 





20 

0.298 100 

0.4o6 

MO 

0.331 120 

0.427 

60 

0.360 1*0 

0.446 

80 

0.364 


Koto: 

em/sec 



'-iZ-'ZSr 

Vdu no, %rC 


YiMf l i Medofcs: 

E', dynes/cm* 
E, fc/Jnch* 
Density, gm/cc 


Os^^wooshfo fb/inch* 


mm Mercury 


Oxygon, otoms/sec 
a/Mc) 

Hoot, kJlocolorit/mole 
(AH, kcol/mol) 
Temperature Kongo, *C 
PhOM 

(1 10 18 *5 

*7.5 

213-299 

Liquid 

Armor Ptoto bfirt Toot: 


W KltoVKv nVp^Hlto* 


50% Inert, Velocity, ft/soc 

Aluminum Fineness 



Ptoto Thickness, inches 

' 

t 

1V4 




1*4 


Booth Deep T«h 


T7, BOOB to Soil Amur Ptofriog >iot 09 Concrete: 

Mox Safe Drop, ft 



Height, ft 


Trials 


Unaffected 


Low Order 


High Order 


1000-fc 6e«rti Purpose ftemfc n Concrete: 

Height, ft 


Trials 


Unaffected 


Low Order 


High Order 






















Room 

32.2 

10l* 









Acetonitrile 







































Aoatooa 

56 

CP 

Qrclobs»nooe 

155.6 

CP 

Utrcmthane 

100.8 


Acetonitrile 

81.6 

Mlacet 

Chou Co. 

1- SUropropam ( 

2- Rltropropai* ^ 

126.5 

DC Pract 

120 

DC Prat; 

2,4-Pentanedioos 

lfcO.5 

Carbide & 
Carbon 

NatkyUadbut^lkatoika 

115.8 


n-Propylacctate 

101.6 

DC Bed label 

n-Butylfcreate 

105.6 

DC Bed Label 

Ethyl aettata 

77-1 

Baker'• T 

B-Fktnrlpraplooata 

121 

DC Bed Label 

Butylaoetate 

126.5 

EC Pachalcal 

Itetbylethylketooe 

79.6 


Xltroethane 

114.2 

DC Bed label 

Isopropylacetate 

88-90 

CP 

MesitylOKlde 

128 

DC Bed Label 

n-Aaylaeetate 

146 

CP 

Eimthylearbocate 

88-91 

DC Red Label 

He tbylcerbooate 

125-126.5 

DC Bed Label 

Iaoanjrlacetate 

132 

CP 

Ethylpropiooate 

96-100 

DC Red Label 

Methyl-n-butyrate 101.5-103- 5 

DC Bed Label 

Cydopentanooe 

130.6 

DC Red label 

Acrylonitrile 

77.3 

tyanasdd Co. 

Hethylcellosolveac state 

144.5 

Carbide A 
Carbon 


8.2 

16.5 at 60°C 

hexagonal-thick 

13-0 

24.0 at 93°C 

cubic (eeBaive font) 

1-5 

12.4 at 97°C 

plates 

11.3 

33.4 at 93®C 

plates 

1.4 

10.6 at 93°C 

short needles 

2.3 

11.6 at 93°C 

short needles 

2.9 

18.3 at 93°C 

flat prism 

2.4 

9.6 at 93°C 

long prism 

1.5 

6.0 at 93°C 

long prism* som 



cubic 

1.4 

4.6 at 93°C 

long prism 

2.0 

6.1 at boll. 

hexagonal plates 

0.8 

1.6 at 939C 

short prism, som 



cubic 

1.1 

4.0 at 93°C 

long prism 

5-6 

13.9 at boll. 

coarse platee 

3-6 

19.5 at 93°C 

plates 

1.1 

3.2 at boil. 

long priern 

4.8 

14.5 at 93°C 

platea 

1.0 

2.1 at 93°C 

prism 

1.4 

6.6 at boll. 

plates 

0.7 

3.2 at 93°C 

prism 

1.2 

3.6 at 93°C 

prism 

3-0 

10.7 at 93°C 

fairly thick hex 



plates 

1.2 

4.9 at 93°C 

needles 

11.5 

39*0 at 93-5°C hexagonal plates 

4.0 

16.4 at boll. 

flat platea 

1.6 

8.8 at 93®C 

massive hexagons and 


prism 


* M, Bxstmn Kodak; Pract, practical. 
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Cyclonlte (RDX) 


r 


Preparation: 

(Su—ury technical Report of the KXtC/ Dlv 8, Vol 1) 


(CH^i 6 H^ ♦ 4HH0 3 ♦ 21 H k H0 3 ♦ 6(CH 3 CO) 2 0 




Ammonium nitrate and acetic anhydride are placed in a flask mad, while the mixture la etlrred 
at 75°C> the following three liquids are introduced concurrently and proportionately: acetic an¬ 
hydride, concentrated nitric acid, and a solution of hexandne in glacial acetic acid. The final 
mixture la held for a abort time at 75°C, diluted with water to 300 acetic add, and altered to 
hydrolyse unstable reaction by-products, which are a mixture of various nitrated and acetylated 
darlvativea of hexamlne fragments. After simmering, the slurry is cooled and the precipitated 
cycledte r em ov ed by filtration. The yield is T8j6 of the theoretical amount (2 moles) of cyclo- 
nlte malting at 199®C* 3y dissolving the aanonlun nitrate in the nitric add, a continuous pro¬ 
cess, baaed on 3 liquids, la possible. 


The product la recrystallized from acetone, or cyclohexanone, to (a) remove addlty, (b) 
control particle size and (c) to produce stable HMX. The preparative procedure described 
above, the Bachnarm or Combination process, yields cydonlte containing 3-84 HMX. 

Origin: 

First prepared by Henning in 1899 (German Patent 104,280) and later by von Hertz (U. S. 
Patent 1, 402,693) in 1922 who recognized its value aa an explosive. Hot used on a large scale 
in explosive ammunition until World War II. 


Daatructioc by Chemical Decopoflltlon: 

Qyclonlte (RKX) la decomposed by adding It slowly to 25 times its weight of boiling 5$ sodium 
hydroxide. Bolling should be continued for one-half hour. 

References: 14 

(a) lu C. Staitfa and £• G. Fyster, Physical Testing of Explosives, Part III - Mlacellaneoua 
flans!tivlty Testa; Performance Theta, OSRD Report ilo. 5746, z7 December 1945. 

\b) Ph. Saoum, Z. xea Schleas a>renss toffV, pp. l8l, 229, 267 (27 June 1932). 

(c) D. P. MecDougall, Methods of Physical Testing , OSRD Report Ho. 803 , 11 August 1942. 

(d) Philip C. Keenan and Dorothy Pipes, Table of Military High Exploaives, Second Revision, 

HWORD Report Ho. 87-46, 26 July 1946. - 





Tt 


Sea footnote l, page 10. 


i 
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Cyclonlta (RBXl 


322 ^ 


e) Ararat Rimreh Department (Vo61vlch) > Solubility of RDX In Nitric Acid (ARD £xpl Rpt 
K 3 September 19^3)* 


(f) Report AC-2507* 


(«) mtTMUoon critical ftbias 
lAUd. BOTHSt. 


B. T. Fedoroff et al, A Itoual for Explosives laboratories , Lefkx Society Inc, Phila¬ 
delphia, 19*3-6* 

(h) E. Hutchinson, Oia Iberre l Penaltiveness of Bxploalvee. Pie Tharraal Conductirity of 
toloalTO Materials, AC 20611, FirSt l&epart, Anguat 1^42. 

(i) R. j. Flnkalatein ud G. Gamow, Iheory of the Detonation proceaa, NAVORD Rep ort Bo. 90- 
46, 20 April 1947* 

(j) International Critical Tablet . 

(k) V. 7* MeGarry and T. V. Stevens, Detonation Betes of thr More Iaportant Military B*plo- 

alTta at Bfaral Different Temperatures, PMfe Ho. 2303* StoJSES ‘ 


(X) 

Mae me the 

following Picatlnny Arsenal technical Reports on cydonlte: 


0 

1 

2 

1 

4 

1 

6 

1 

8 

2 

U70 

12U 

582 

963 

1184 

65 

1236 

857 

1436 

709 

1290 

1241 

1342 

1193 

1414 

1175 

1316 

1207 

1458 

1379 

1360 

1311 

1352 

1293 

1454 

1185 

l4l6 

1427 

1498 

1429 

1450 

1421 

1372 

1433 

1614 

1435 

1446 

1437 

1578 

1449 

1760 

l48l 

1402 

1483 

1634 

1445 

1466 

1517 

1838 

1469 

1980 

1561 

1452 

1503 

2024 

1715 

1476 

1617 

1958 

1709 

2100 

l6ll 

1492 

1693 

2154 

1855 

1516 

1687 

1958 

1909 


1651 

1532 

1713 

2204 

1885 

1556 

1737 

2008 

2059 


1741 

2062 

1793 


1915 

1756 

1747 

2028 

2179 


1751 

ang 

1923 


1935 

1766 

1787 

2178 
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Cyclotol, 75/25 


Ti-fr' s 

SIOC 75 

BIT 25 

C/H RoWo 

Utatacabr Waigtai 224 

OxyyM Mmmi 

CO, % -35 

CO % - 6 

PeaMhrt gm/cc Cast 1.71 



Impact 2 Kf Wh 

Bureau of Mines Apporotut, cm 

Sample Wf 20 mg 

PteoHimy Anenol Apporot ut t in. 

Sample Wt, mg 

•vital fctah *C 


McNm ftadalsm Test: 

5' Ml Shot Unaffected 

fiber Shoe Unaffected 

cc/40 Hrs, ot 

90*C 

100*C 0.23 

120*C 0J‘l 

13S*C 

150*C 

tMfa Met Impost Test: Trio Is 

% 

Explosions 30 

Poittois asobes kQ 

Burned 0 

Unaffected 30 

SBtfeem Bee* Seed Teat: 

Send, gm 

*P---- - 

Seconds, 0.1 (no ^op used) 

1 

5 

10 

15 ! 

20 

IV ItWWis 

Minimum Oatonoting Charge, gm 

Mercury Fulminate 

Leod Aside 

Tetryl 


Trawl Test# % TNT: 

75*C latsraartsael Neat Test: 

% Loss in 43 Hrs 

Hete Beat Test: 

Method 

Condition 

Confined 

Density, gm/cc 

Brisonce, % TNT 

100*C Heat Test: 

% Loss, 1st 43 Hrs 
% Loss, 2nd 43 Hrs 

Explosion in 100 Hrs 

Ostaaalisa Rate: 

Confinement None None 

Condition Oast Caet 

Chorge Diometer, in. 1.0 1.0 

Density, gm/cc 1*7° 1*71 

Rote, mfn/fcond 8035 7938 

nermabIBty lade*: 

| JL, .__ r | r fr-.-. - ru 

TO 

VeleNflfy: 


76 


























T«fc 


^ -- 

umonMi 

Titryl, gm 

Wok, in. for 50% Detonation 

mi__ 

WQX, Qn> 


% 0xygen, atoms/sec 
* (Z/% tc) 

Hoot, kilocalorie/mole 
(AH, kcol/mol) 
Temp e rature Rongo, °C 


Density, gm/cc 


Moot olt 

Combustion, coi/gm 


Phase 


2625* 


Armor Plots 


Tests 


Emotion, eol/gm 
Gao Volume, cc/gm 


1225* 

862 


50% Inort, Volocity, ft/toc 


Formation, coi/gm 

Fulton, coi/gm (h) 5*0 

♦Calculated from coopooltloo of Mixture. 


Ipod f h Hoot: col/gm/*C (h) 
°C °C 


■75 

0.220 

75 

0.352 

0 

0.225 

85 

0.325 

05 

0.25*1 

90 

0.332 

50 

0.296 

100 

0.351 


Burning Bole: 

csn/soc 


Tfc—nolCieAuHvby. 

coJ/«oc/cm/ # C 


Unoor, %/ a C 


Aluminum Finonoss 

500 % C oo iml Borg o n Bombs: 

Plots Thick nost, inchss 
1 

1% 

1% 


T7, 2000-% Ssml A r mor F l s r chu Bomb vs Csncnls : 

Mox Soft Drop, ft 

5004b Csosrol Porpeee Bomb vs C so c r st o : 


Voiumo, %/*C 


Tseng's Modnlor: 

E'. dynes/cm* 
F, lb/inch* 
Donsity, gm/cc 


Compfombo Strso g l b : lb/inch 1 




Height, ft 
Triols 
Unoffoctod 
tow Order 
High Order 

10004b General Purpose Bomb vs C so c rolot 

Height, ft 
Trials 
Unoffoctod 
Low Ordet 
High Order 


C 


mm Mercury 


















AXCP 706-177 


Cyclotol 




»—m«n u» wc-qi ; 

Dmtily.pn/cc 

1.72 

Charge Wt, fe 

2.22 

Total Ma tf PmpasrtK 


for TNT 

703 

For Subject HE 

151k 

3 tack Ml, M43A1 PraiMtte, U» KC4< 

density, gm/cc 

Chorgs Wt, lb 


Total No. al hapMUt: 


For TNT 

For Subject HE 


htfoaS YtkcSf. ft /me 

At 9 ft 

At 25% ft 


Density, gm/cc 


BtetCUtetetoTND: 

fd) 

Air 

FtekPr A TO 

111 

Impute 

126 

Enorgy 

— 

Air, Cl alia id; 

Impute 



Pink Pmiurt 

Impute 

Energy 


Pnk Pressure 

ImpuL't 

Energy 


Step mi Char g e Btekmi, TNT = iNt 

Gkm Qorm Stool Conn 

HoIt Volume 
Holt Depth 


lellov-buff 


thoat Shaped charge bomb especially 
fragmentation; HE projectiles; 
grenades 


Method Dry 

Hozofd Doss {Quontity-Distance) Clats 9 

Compatibility Group Group I 

Erudation 


Preparation: See Composition B 

Origin: Developed by the British between World 
Ware I and II and standardized In the United 
States early In World War II. 

Black Modulus at Room 
Temperature (25°-30°C): 

Rynta/cm 2 x 10* ** 10 3.09 

Density, gm/cc I. 7 U 

Absolute Viscosity, poises;* 

Temp, 85 U C 210*» 

90°C 

Efflux Viscosity, Saybolt Seconds: 

Temp, 85°C 9-lk 

* Ccmposltlons using Spec Graoe Type A, 

Class A RDX. 

** Composition prepared using RDX of optimum 
particle size. 
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Qyclotol, 70/30 


Cl-PHYI-. 

RDK TO 

TUT 30 

C/H Ratio 

M.limler W«%ht: S2U 

COr % -5T 

CO% - 8 

Oeoelly: gm/cc Cast 1.71 

MolNog Pblot* 'C 

freesfeg Nat: *C 

bptO 2 Kg Wh 

Bureou of Minti Apporotus, cm 60 

Semple Wf 70 mg 

Picotinny Arsenal Apporotus, in. 1^ 

Somple Wt, mg 20 

Bettog Pel*: *C 

Refractive lodes, 

nS 

nS 

• -^--. 

rtWWi fOTWWH I vus 

Steel Shot Unaffected 

Fiber Shoe Unaffected 

Vo#*!* fl^LliUy 
▼ VeWR IPli 

cc/40 Hrs, ot 

WC 

100‘C 

120°C 0.86 

135*C 

1b0‘C 

ftNb Ml* Impe* To*: Triols 

% 

Explosion* 30 

Portiob 30 

Burned 0 

Unaffected kO 

200 frees leoib Seed Test: 

Sond, gm 56.6 

fspfeoloo Teeaperefere: ’C 

Seconds, 0.1 (no cop used) 

1 

5 Decomposes 265 

10 

15 

20 

Minimum Detonating Charge, gm 

Mercury Fulminate 0.21* 

Leod Azide 0.20* 

Tetryl 

Bettfatic Matter, % TNT: (e) 135 

Treed Test, % TNT: 

f(*r laiiiMiiMl 

mm v ImVTWWWMI 1 OTfa 

% Loss in 48 Hrs 

Plate Seat Te*h (b) 

Method B 

Condition Cast 

Confined No 

Density, gm/cc 1-725 

Briionce. % TNT 1# 

100*C He* Test: 

% Lots, 1st 48 Hrs 0.07 

% Loss, 2nd 48 Hrs 0.08 

Explosion in 100 Hrs None 

Pefeoetieo Me: 

Confinement None 

Condition Cast 

Charge Diameter, in. 1.0 

Density, gm/cc 1-73 

Rote, meters/second 8060 

FleeMeeMMy lodes: 

Hygveecepkfey: % Nil 

yeMMty: Nil 
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Nmmiii M71 Piejeritte, Let WCtl: 

Density, gm/cc 

1.71 

Chorge W», lb 

2.213 

Tdtl Ha. el FiagaMBfi; 


For TNT 

T03 

For Subject HE 

1165 

> jack Hi, M41A1 Prejectlle, let KC-S: 

Density, gm/cc 

1.T2 

Chorge Wt, lb 

0.923 

IWH W vVmpMnV* * 


For TNT 

51V 

For Subject HE 

826 

Ffsgneat Velkfey: ft/sec 


At 9 ft 


At 25H ft 


Density, gm/cc 


Hast (1 tilth »■ la TNT): 

(a) 

Ain 


Peok Pressure 

110 

Impulse 

120 

Energy 

— 

Air, C—firedi 


Impulse 


Under Weten 


Peok Pressure 


Impulse 


Energy 


I Uadergreamd! I 


Peek Pressure 

Impulse 

Entity 


Ch ar ge MwWtwm, TNT = 100s 

Gloss Cones Slot) Conot (e) 

Hole Volume 

Mole Depth 130 


Yellov-buff 


W sdpd Unk Shaped charge bomba; 

especially fragmentation HE 
projectiles, grenades 


Method 

Hozovd Clan (Quantity-Distance) 
Compatibility Group 
Exudation 


Dry 

Class 9 

Group I 


Temp, 8;°C 

90°C 53-2 

Efflux Viscosityi Saybolt Seconds: 

Temp, 85°C 5 

Heat of: ** 

Combustion, cal/gm 2685 

Explosion, cal/gm 1213 

Gas Volume, cc/gm 85^ 


* Composition using Spec Grade Type A, 
Class A RDX* 

** Calculated frc oosltlon of mixture. 














clotol. 6 
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MoloctflBr Weight: 


nrr 

35 

C/H Ratio 



90* ImINtOy, X K« Wh 

Bureou of Minor Aoparotus, cm 
Somple Wl 20 mg 
Picotinny Arsenol Apparatus, in. 
Sample Wt. mg 


i gm/cc 0eet 


Him “C 


c 


c 


Stool Shot 
Fibor Shoo 


Unaffected 

Unaffected 


Explosions 

Partial* 

Bumod 

Unoffected 


Seconds, 0.1 (no cap used) 
1 

5 Decomposes 
10 
15 
20 


7S'C letoveoHoeol Hoot Tost: 

% Loss in 48 Hrs 


100‘C Hoot Tost: 

% Loss, 1st 48 Hrs 
% Loss, 2nd 48 Hrs 
Explosion in 100 Hrs 


Cc/40 Hrs, ot 


90 # C 


100*C 


120°C 


135*C 


150-C 


XD0 Grom BomB Seed Test* 

Sond, gm 

55.1* 


He—raHBty lodes: 


Hyffoecepklty: % 

Nil 


Minimum Detonating Choree, gm 
Mercury Fulminate 
Leod Azide 
Tetryl 


leBIstic Mortor, % THT: («> 


Treed Tost, % THT 


Ploto Dent Tost: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 


Potoeotloe Beto* 

Confinement 

Condition 

Charge Diometer, in 
Density, gm/cc 
Rate, meters/second 


Nil 
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Qyclotol, 65/35 


NteHinTiet 


nmmM*W\ Prelate, 

let WC-flt 

teity^ce 

1.71 

Charge Wt, b 

2.853 

THolNi.«l Pity tin 


For TNT 

703 

For Subject HE 

1153 

»tMbM?M41A1 MmM 

t, let ICC4: 

Density, gm/cc 

1.71 

Ox>rg*Wt. lb 

0.922 

Tom Ho. of Pity tei 


For TNT 

51^ 

For Sublet HE 

769 

Ptoytml Veto by: ft/atc 


At 9 ft 


A»2S#*t 


Density, gm/cc 


Mm ftflMvo Oo THDi 


Ain 


Peak Pressure 


Impulse 


Energy 


Air# CteHetdi 


Irqpubi 


Under Water* 


Peak PrtKurt 


Impulse 


Energy 


Peak Pressure 


Impulse 


Energy 


Hoot of: 

» 

Combustion, cel/gm 

2755 

Explosion, cel/gm 

1205 

Get Volume, cc/gm 

81*5 

! * Calculated from composition of mixture. 1 


Qott Const Stotl Contt (o) 


Holt VoHime 
HoteDyh 


130 


Cote 


Yellov-buff 


Shaped charge bomba; 
especially fragmentation HE 
projectiles, grenades 


Matte «f Lteft 

cast 

Itebg PtosEyt gm/cc 

1.71 

Method 

Dry 

Hosord Goss (Quontlty-Oistonce) 

Class 9 

Compotibility Group 

Group I 

Exudation 


Preparation: See Composition B 


Origin: Developed by the British between 
'Tffirli ViSsrs I and II and standardized in 
the United States early in World Msr II. 

Eutectic Temperature, °C: 

79 

gm REX/100 gm TOT 

T9°C 

95°C 

k.l6 

5.85 

Absolute Viscosity, poises:* 


T»mp, 85°C 

90°C 

30.2 

26.0 


* Composition using Spec Grade iype A, 
Clast A RDX. 
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Cydotol, 60 /L 0 


ConpooMoo 



seb 

70 

RISC 

TNT 

60 

kO 

Ammm BoImmo: 

CO* % 

CO% 

-<*3 

10 


Om^ f t gm/cc cm 1.68 


C/H Ratio 


hope* SeoefcMty, l*g Wh 

Bureau of Minot Apparatus, cm 75 

Sample Wt 20 mg 

Picctinny Arsenal Apparatus, in. 1^ 
Somplo Wt, mg 19 


Ufftt Id# hepect Tod: 

Trial* 


% 

Explosions 

5 

Portrait 

55 

Burned 

25 

Unaffected 

15 


Socondi, 0.1 (no cop used) 


Freerieg Pobh *C 

■-«««- - 

It i it crt i t Mn» n« 

«S 

Vecee* SleMfty To#: 

cc/40 Hri, ot 
90*C 

IOO*C 

120*C 0.29 

135*C 
150*C 


200 Grom lo o t M Toak 

Sand, gm S^.6 

^ lAfeloOkA* 

MWOIVN | WW 

Minimum Dotonoting Charge, gm 


McHot btOAoi Toot: 

Stool Shoo Unaffected 

Fibor Shot Uneffected 


1 

5 Deccupoeee 280 
10 
15 
20 


7*tf M * T^, 

mw nwi IOW« 

% Loot in 48 Hrt 


100*C Hoot Toot: 

% Lott, ltf 48 Hrt 
% Lou, 2nd 48 Hrt 
Expiation in 100 Hrt 


% 


Nil 


Mercury Fulminate 0.22* 

UodAtidt 0.20* 

•Alternative Initiating eh.reel■_ 

■i«Mr Metfr, % TXT; (.) 1.33 

TMMiTMt. % TNT: 

PfataOMrtTM*: (b) 

Method B 

Condition Coot 


Confined 

No 

Density, gm/cc 

1.72 

Brisonce, % TNT 

132 


Confinement 

None 

Condition 

Ceet 

Charge Diameter, in. 

1.0 


VoMfty: 


Density, gm/cc 
Rote, meters/second 


1.72 

7900 
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W mm HI. MT1 M|»m*a. la» WC-Mt 

Density, gm/cc 

1.65 

ChorgeWt, lb 

2.187 

hi. 

inw fWt WS rWpHiWMV* 


For TNT 

703 

For Subject HE 

998 

) Met HI, M42A1 rveiecMIe, Lei KC4t 

Density, gm/cc 

1.67 

Chorge Wt. to 

0.882 

Tefal Me. eff Fregmeats: 


For TNT 

514 

For Subjact HE 

701 

FragaMaf YelecHy: ft/sec 

(c) 

At 9 ft 

2965 

At25fcft 

2800 

Density, gm/cc 


Meet (Relative la TMD: 

(a) 

Ain 


Peok Pressure 

104 

Impulse 

ll6 

Enargy 

— 

Air, Ceafieed: 


Impulse 


Under Wafer: 


Peok Pressure 


Impulse 


Entfgy 


Undugio nd: 


Peok Pressure 


Impulse 


Energy 


iiest of; 

* 

Combustion, cal/gm 

2820 

Explosion, cal/gru 

1195 

Gas Volume, cc/gn 

81*5 

Compress Iyc f>Li*ength: lb/J 

k 2 

nch 

1.70 .*n^ec 

5?00-3000 


It i M i l Off IWh II mm m, TNT = 109i 


Glott Coon 
Hot* VoKjm* 178 

Hola Depth 125 


StMlConw (•) 
162 
Ittt 


Cibn 


Yellow-buff 


Wulpil Wmm Shaped charge toafc; 

especially fragmentation HE 
projectiles, grenades 


Melted e# 


cast 


Ue d lng D»aky: gm/cc 1.68 


Method 

Dry 

Hazard Close (Quontity-Dtstonce) 

Class 9 

Compatibility Group 

Group I 

Exudation 



Preparation; See Composition B 


Origin: Developed by the British between 
World Wars I and II and standardized in 
the United States early in World War II 


Bulk Modulus at Room 
Temperature (2$°-30°C): 

Dynes/ctn 2 x 1Q~ 10 ^.l** 

Density, gm/cc 1*72 

Absolute Viscosity, poises;* 

Temp, 85°C 12.3 

90°C 


* Compositions using Spec Crade lype A, 
Class A RDX- 
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saw&LJStet. Jo/fr - 6 ?/i? 


fisSssassssL 15 

(a) L* C. Qaith and S. 0. Rystar, Physical Stating of giploalTts. Part III - KUcellaneous 

8anaitlrlty ftwtaj Parforaance 06RD depart Ho. 57 | K>» Z7 beceJbcr i£45* 

(b) D* P. IfccDougall, Methods of Physical Testing, OSKD Report No. 803, U August 1942. 

(e) R. V. Drake, Fragrant Velocity and Panel gffijSSMSS g£ 2Egg* SSBi28iZS& in 
Uted Sheila, OSRP Reporter 56S6, 2 January i^kt, 

(d) V. Pbillpehuk, Free Air HI—t Braluatlon of MBC-CTT-Al, im-THT, and CTT-Hstal Brats— , 
Rational Hortbarn 3u—ary IMport, April 13557 

(a) Bm tarn laboratory, du Pont, Investigation of Cavity Effect. Section IU, Variation of 
Parity Effect with Ooapoaltlon, R2KC Contract 

(f) V* 8. Cramer, Bulk Coopresslblllty Data on Sareral High Explosives, RAVORD Re^xxrt Ho. 
4380, 15 September 195&* 

(g) Also sea the following Pica tinny Arsenal Technical Reports on 'tydotols? 


0 

1 

2 

1 

1* 

1 

6 

I 

8 

2 

1290 

1651 

11*82 

1483 

1824 

1435 

1476 

1427 

1398 

1469 

1530 

1741 


1793 

1834 

1585 

1756 

1507 

1488 

1509 




19° 3 

1944 


1796 

1747 

1838 

1709 


2004 1876 

(h) C. Lenchltz, V. Beach and R. Valichy, Enthalpy Changes, Heat of Fusion and Specific 
Beat of Basic Explosives, EATR Ho. 2504, January i959* 
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I 


Cyclotrlnethylene Trialtro—nine 


12 

C 80.6 j? 

H 3-5 N_N ”° 

X *8.3 H 2 C "^S_X^*®2 

0 27*6 n 

C/H Ratio 0.12 J 

Matacafef Wa%l»: (CjHgf^Oj) 17* 

Osrygra Moca: 

CO, % -55 

CO % -88 

DtntHy: gm/cc 


esebhhhi 

taVMl SMNkMhr. 8 K« Wk 

Bureau of Mlw Apparatus, cm 

Sample Wt 30 mg 

PtcoWreiy Arsanol Apparatus, in. 15 to 22 

Samp!* Wt, mg 17 to 20 

Mhp Feint: *C 

Refractive Index, n® 

n£ 

«£ 

MHn PmMmm Twit 

StMl Shot Unaffected 

Fiber Shot Unaffected 

Vacuum StnMfty Teel: (c) 

cc/40 Hrs, of 

90 *C 0.20 

ioo g c 9.19 3 . 71 * 

♦Average value of 5 P staple tvice recrystal* 

11 zed fro® isoaayl alcohol. 

ftMt Irftd hapect Ttth Trials 

% 

Explosions 

~ i- 

rdfTKMS 

Burned 

UnOTTtCTtO 

200 fit—i Bsmb Send Tah 

Sond, gm 59*2 5^*1 

Hxpbrtsw Temperature: *C 

Seconds, 0.1 (no cop used) 

1 

5 220 

10 

15 

20 

iminvwj Vw NiiiMWis 

Minimum Detonofing Chorpe, gm 

Mercury Fulminote 0.200** 

Leod Aside 0.100** 

**Alt5tf8lltive initiating chargee. 

leHtNc Mortar, % TNT: 130 

Trend Ted, % TNT: 

73'C lotaraattaaol Moot Tost; 

% Loss in 48 Hr* 

| . - 

Plate Dent Teat: 

Method 

Condition 

Confined 

Density, gm/cc 

Brisonce, % TNT 

1 1MX Hoot Tart: 

% Loss, 1st 48 Hit 8.79 

% Lots, 2nd 48 Hit 2.98 

Explosion in 100 Hr* None 

Pdsnetlen Rate: 'b) 

Confinement None 

Condition Cast 

Chorge Diameter, in. 1.2 

Density, gn/cc 1.42 

Rote, meters/second 7000 to 7300 

EltinufciHty Index: 

HygmtcapkHy: % 30°C, 9&f> RH 9.02 

VeiAiiltowt 
f V^nVRijB 


m 



























clotriae thy lent. Trinltrosaniine 


AMCP 706-177 


Umm NMk UtWC-fls 


Deneity, gm/cc 
Charge Wt, lb 


Tefal New off Pregeieatti 

For TNT 
For Subject HE 


3 lacb HE, M42A1 PieJs stH s, Let ICC-5: 
Density, gm/cc 
Charge Wt, lb 

Tefel He* el fcagwefet 
For TNT 
For Subject HE 


PfogpMOt Vefecby: ft/sec 
At 9ft 
At 25% ft 

Density, gm/cc 


9fsst (fteMve H TNT): 
Ain 

Peak Pi enure 

Impute 

&tergy 


Uodet Wafers 
Prak Pressure 
Impulse 
Energy 


Peak Pressure 
Impuh* 

f-- ' 

energy 


Sk epe d Cbaffe H e st hsaess . TNT = 109: 

Gloss Cones Steel Cones 


Hole Volume 
note uepm 


Celerj Yellow 


Pri a ri pe l Uses? Ingredient of projectile filler 


Mutisl ef Uafbp Pressed or oast with added 
■siting point depressants 


teeOag Pte shy; gm/cc 

See below 

StoNfK 


Method 

Dry 

Hazard Class <Quon*ity-Distonce) Class 9 

Compatibility Group 

Group M 

Exudation 

None 

| Density at Various Pressures: 

lb/inch 2 

ga/cc 

2,420 

1.1C 

4,8*> 

1.23 

9,650 

1-3T 

14,500 

l M 

24,200 

1.53 

33,800 

1.57 

42,500 

1.59 

Heat of: 


Combustion, cal/gm 

3158 

Explosion, cel/gw 

876 

Formetion, c?i/gm 

-914 























An uvonlacal solution of an amine is prepared by adding aqueous formaldehyde to ■■Kirlua 
hydroxide. The rate of addition of formaldehyde is regulated to maintain a solution tempera- 
tur* of 30° to 35°C- ' 

Sodium nitrite is dissolved in mater and the solution or slurry is then poured into the 
previously prepared eadne*eanonla solution and totally dissolved by stirring. This solution 
1. chiliad to bolotr 0°C. 

Into s aimed acid solution, previously prepared by dissolving concentrated nitric acid 
in mater and mdding concentrated sulfuric add, all chilled to -9°C, there is added the cold 
amine-nitrite solution below the surface of the add mixture. The addition la regulated to 
taka 20 to 30 minutes. 

The resulting foamy head of cydotrimethylene trinltroramlne Is allowed to fit over the 
ley spect liquor for l/2 hour and is then collected on a sintered glass funnel and mashed to 
neutrality. The moist cydotrimethylene trinitroeaalne is removed from the funnel and dr* 
dried on filter paper. The dry crude product melts at 106 ° to 107°C. Recrystalllzatlon from 
Isoaqyl alcohol gives a pure coag>ound melting at 105° to 107°C. 

Origin: 

Qyclotrimethy lene trlnltrosamine mas discovered in 1888 simultaneously by Griess and 
Bsrrov (Ber 21 (1888), p. 2T37) and by Mayer (Ber 21 ( 1888 ), p. 2083) when sodium nitrite 
mas allowed To react with hexane thy lene tetramlne Is acid solution. This compound was later 
studied by Dudsn and 8charff (Ann 266 (1895), P* 218) and by Del^plne who determined its heat 
of formation, which was negative (EH Soc chim (3) 15 (1896), p. 1199)- Because cyclotrl- 
methylene trinitrosamlne could be made at first in very poor yield only, it was s long time 
before it received consideration for practical application as an explosive. However, the 
study of cydotrimethylene trlnltrosamine was continued and investigations were made as to 
its behavior in mixtures with other substances (Prof. D. G. Romer "Report on Explosives,” 
BIOSGP 2*HBC 57fc2). 

Destruction by Chemical Decomposition: 

Cydotrimethylene trlnltrosamine is easily decomposed by idd cr alkali end even by 
boiling in water. 










AMCP 70*477 


High jbggereture Decomposition, 0*02 gn in 10 <el gwt Ihbe: (b) 



Immersed 10 minutes in bath heated at 5°/minute j 

(1) 

tax 

Malting begin* { 

Teop. C c 

105 


Decoapoal tion begins 1 

150 


Iltrous gas 

160 


Jhitire decomposition 

170 

(2) 

Sods bubbles 

no 


Yery slow decomposition 

150 


Decomposes in 2 minutes 

coo ; 


Decomposes in 40 seconds 

250 ; 


Immediate decomposition 

300 


Long Item Stability! (b) 

Qyclotrimethylene lxinitrosamine loosely packed in covered wooden boxes for six years at 
ambient temperature and protected from the sun: 

1. Ezplosr e showed no color change. 

2. Melting point decreased froa 104*5° to 104°C* 

3* Coefficient of "Utilisation Practique" decreased from 125-5 to L?3-5- 
4. An ’bel Tbit at 110 °C gave no color to iodine starch paper in 15 minutes. 

Fusion Tests, Mixtures of Cfrclo trl as thy lene Trialtroaamlne and THT: (b) 



Melting 

Point, C 

10 

74 

20 

68 

30 

62 


55 

to 

55 (Eutectic) 1 

50 

61 : 

60 

69 

70 

77 

95 

95 


Eutectic Composition With TOT: (b) Rate of Detonation, meters/second 

Cyclotriar thy lene Trinitro Gamine 7,000 












AMCP 706-177 Cvclotriaethylenv -lnltrosamlne 

Bgction of Qyclotrlaethyleoa Trinl trosaaine VIth Other Eteterlsls: 


00 


r 


1. Iron povier 

2. Copper powder 
3* Aluminum powder 


Slight reaction 
Slight reaction 
Slight reectloo 


4. 2 parte picric acid + 1 pert R-Salt j a. Violent decomposition after 2 hours at 10°C 

: b. Violent deco^oeltlon after 10 to 15 ainutea | 
at 100°C 


! 5. 


2 parta nltr^sl/cerln ♦ 1 part 
R-Sdt 


Bo evidence of deco^oaltloc after 5 dsya at 
90°C 


Detonation R^tes (b) 


Can!" nenent 

Paper cartridge 

Condition 

reseed 

Charge Disaster, in. 

1.18 

Rite, msters/second 

Density, gn/cc 

5180 

0.65 

5760 

1.00 

6600 

1.20 

7330 

1.40 

7600 

1.50 

7800 

1.57 


.1C 




References; 

(a) Arthur D. little, Inc* Progress Report No. 106, Fundamental Development of High Rapio- 
sires , April 1955 > Contract No. DAI-19-020-501-0RD(P)-33* 

(b) Louis Medard and Maurice Du tour, "Etude Des Proprletes Be La Ci clotri methylene 
Trinltrosaalne," M& poudr, 1924 (1954). 

(c) H. A. Bronner and J. V. R. Kaufman, "Synthesis and Properties of R-Sslt," PATH In 
preparation 1959- 

(d) Also see the following Pice tinny Arsenal Technical Reports on Qyclotri* ethylene 
Trinltrosamlne; 1174, 2179- 


l%ee footnote 1, puge 10. 
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ith 


►lOJiY*] 


CeMpeeMea: 


Aanoolun Nitrate 

21 

mat 

21 

HIT 

fco 

Alualoun 

18 

C/H Ratio 


Impact SenePMty, 2 Kg Wh 


Bureau of Mines Apparatus, cm 

35 

Sample Wt 20 mg 


Pkatinny Arsenal Apparatus, in. 

13 

Sample Wt, mg 

1L 

Merten Nodal— Teet: 


Steel Shoe 


Fiber Shoe 



ti-l_L - . 


Explosions 


Teat: Trio Is 

% 


Burned 

unomcnQ 

Seconds, 0.1 (no cop used) 
1 

5 Ignites 
10 
15 
20 


75'C letemetieeel Nest Test: 

% Loss In 43 Hrs 


100*C Heel Test: 

% Loss, 1st 43 Hrs 
% Lou, 2nd 48 Hrs 
Explosion in 100 Hrs 


n jprviv^fi wy ♦ 70 


CO% 

is 

-46 

-26 

Penalty: gm/cc 

Cast 1.68 

CSSS 

c 

Fveaeing Peie&: 

* 

•c 


c 


Rtfitdin Index, p® 

«£ 

nS 


t|uklU|w 

cc/40 Hrs, ot 
90*C 
100*C 
120*C 
13VC 
150 & C 

200 Grtn hu b Send Tost: 

Sond, gm 

CrAeWntAM Aa 
w Wwu*r«fy iw vpwmmpvis 

Minimum Detonoting Charge, grr 
Mercury Fulminate 
Lead Azide 
Tetryl 

Ballistic Matter, % THT: (s) 

Treuxt Test, % TNT: 


Mat* Peat Test: 

(b) 


Method 


B 

Condition 


Cast 

Confined 


No 

Otnsity, gm/cc 


1*76 

Brisonce, % TNT 


102 


(c) 


Confinement 

None 

Condition 


Cast 

Chorge Diometsr, in. 


1.6 

Density, gm/cc 


1.65 

Rot*, meters/second 


6600 


9 

























AMCP 706-177 


fcwtor tmWirOy Twh 

^— 
vonomon 

Tetryl, gm 

Wok. In. for 50% Detonation 

Wax, gm 

Density, gm/cc 

w 

Cat 

100 

1-35 

1.76 

Oxygen, otoms/sec 
( 2 /sec) 

Heat, kilocalorie/mole 
(AH, kcol/moO 

Temperature Pongs, °C 

Phase 

Hestef: 

Combustion, col/gm 

(«» 

Armer Piets Import Test: 

Explosion, col/gm 

1700 

40 mm Merter Projectile: 

60 s Volume, cc/gm 


50% Inert, Velocity, ft/sec 

Formation, col/gm 

Fusion, col/gm 


Aluminum Fineness 

5004b Genera! Perpeeo Beesbe: 


Spectfk Heat: col/gm/ 

(d) 

•5°C, density 1.75 gis/cc 

0.25 

B ere leg Bole: 


cm/sec 



CtiNkMtlhpwlM: 

Linear, %rC -73°*75°C k-5 x 10 * 

Volume, %/*C 


Nm^MCSv MolM* |(gj|; 


10.4 x 10 A 
1.51 x 10 6 
1.72 


MfMMi*. StoogAi Ib/ineh 1 ( d ) 3210-3380 

Density 1.76 gn/cc 


E', dynes/cm* 
E, %/Inch* 
Denuty, gm/cc 


Plate Thickness, inches 


mm Mercury 


Beset Dnf Test: 

T7. 2000-% Semi A mir H er ri e g B omb n G e ne rat e : 

Max Sofe Drop, ft 

5004b Oee ere l Purpose I sou k vs C s ec rete: 

Height, ft 
Triols 
Unaffected 
Low Order 
High Order 

10004k O enersl Pevpeee leek vs C se c ret e : 

Height, ft 
Triols 
Unaffected 
Low Order 
High Order 


92 













AMCP'.'06-177 













AMCP 706-177 


Origin: 

IffiX vu developed and ured by the United States and Great Britain during World Whr II. 
References : 17 

(a) I#. C. Smith and E. G. Ryeter, Ph ysical Testing of Explosives, Part III - Miscellaneous 
Sensitivity Tests; Performance Tests , oSRDltaport No. 57A6, 27 December I9k$l 

(b) D. P. MecDougall, Kathode of Physical Testing, OSRD Report No. 803, U August 19^2. 

(c) G. H. Mssserly, The Rate of Detonation of Various Explosive Compounds , OSRD Report No. 
1219, 22 February 19*0* 

M. D. Hurwitt, The Bate of Detonation of Various Compounds and Mixtures, OSRD Report 
*6. 5611, 15 January l35E- - 

(d) Philip C. Keenan and Dorothy Pipes, Dible of Military High Explosives , Second Revision, 
HAYORD Report No. 87-46, 26 July 1946. 

(e) L. C* Stoith and S. R. Vfaiton, A Consideration of RIBCAhx Mixtures aa a Substitute for 
Ibtryl In Boosters , NOL Memo 10,303, lj June' 194^. 

(f) Also see the following Picatinny Arsenal Technical Reports on DBX: 158? end 1635. 


Sse footnote 1, page 10. 




Dl*fldno-2.1».6«Trlnltrobeniene (DATRB 


AMCP 706-177 


C/H Rotio O. 38 O 


fMt I snsD I rlty, 2 Kg Wl: 
Surtou of Mints Apporotus, cm 
Sompit Wt 20 mg 
Picotinny Arstnol Apporotus, in. 
Sompit Wt, mg 


Meleceter Weigl*: (Cfcl^NrGg) 


Oxygen Mutt; 

CO, % 

CO % 

Density: gm/cc 

Cryetel 1.83 

Melting feint: *< 

(•) «0 

1 

C 


Pitting ftisls *C 


StMl Sho. 


Fiber Shoe 


Rifle Bnflst Imped Test: Triols 


% 


Explosions 


Port io Is 


Burned 


Unaffected 


Sxplseien Teesperetiire: C 


Seconds, C. 1 (no cop used) 


| 


5 


10 


15 


20 


7S'C hNwrtml Net Tm<: 


% Lot* In 48 Hi* 


100X Neet Test: 


% Loss. 1st 48 Hrs 

0.00 

% Loss. 2nd 48 Hrs 

O.h 

Explosion in 100 Hrs 

None 

FbunsfclBty Index: 

HygrescepicRy: % 


Vecnem I M i H f y Test: 

cc/40 Hrs, ot 
90*C 

100*C 

120*C 

135*C 

150*C 


200 Dram Bemb Send Tost: 

Sond, gm 


jpwwifiiy ww imwiooc 

Minimum Dttonoting Chorge, gm 
Mtrcury Fulminate 
Lead Azide 
Tttryl 


MKsHk Mortar, % TNT: 


Trwd Test, % TNT: 


Method 

Condition 

Confined 

Density, gm/cc 

Brisonce, % TNT 


PetaesNtn Beta: 

Confinement 

None 

Condition 

Pressed 

Chorge Diameter, in. 

0.5 

Density, gm/cc 

1.S5 

Rate, meters/second 

7500 









































l,3-Ej*mlno-2,l4 t 6-Trlnitrobenzene (PATNB) 


AMCP 706-177 


Preparation: 

Fifty grama (50 gm) of dry styphnic acid was added to 200 gm of anhydrous pyridine vith 
stirring- Tfce resulting slurry was stirred for an additional 30 minutes. The yellow product, 
dipyridinlum styphnatc, was collected by filtration and washed with approximately 100 milli¬ 
liters of diethyl ether. Ike product was dried over phosphorus (V) oxide, at room tempera¬ 
ture, for 5 hours. Yield of 77 gm (9^), melting point 168° to 170°C (literature malting 
point 173 C) - 

To 50 milliliters of phosphorus o*ytrichloride, 29-8 gm of the dipyridinlum styphnate wore 
added lu small portions, with stirring. The reaction mixture was then warmed on a steam bath 
for 15 minutes. This solution was quenched in 500 gm of ice water. The light yellow precipi¬ 
tate was separated by filtration and washed with water until the washing was neutral to lit¬ 
mus- Yield of 1,3-dichloro-2,4, 6 -trinitrobenzene 20 .h gm (98$), MP 130° to 131°C (literature 
MP 128°c). 

A suspension of 3 gm of 1 ,3-dichloro- 2 ,U. 6 -trinitrobenzene in 9 milliliters of absolute 
methanol was prepared. This slurry was cooled to 0°C, and dry ananonia was bubbled ir.to the 
stirred suspension. After 20 minutes the reaction mixture was allowed to warm to room tem¬ 
perature, filtered by suction and washed vi v h methanol and ether until a negative Belletein 
test for chloride ion was obtained on the washings. Yield of 1 ,3-diamino-2,h, 6 -trinitrobenzene 
2-5 gm (71%) > MP 288° to 290°C (literat’ire MP 285°C). 


MSB, also called 2 , 4 , 6 -trinitro-l, 3 -dianuno 7 benzol or 2 ,h, 6 -trinitro-phenylenediamine- 
(1,3)# vaa first obtained by Noelting and Collin in 188^ (Ber 17, 260) and also by Barr in 
1888 (Ber 21, 15^) fro® 2,^,6-trinitroresorcin dimethylether TrT contact with ammonia cal 
alcohol for several days. J. J. Blanksma obtained the same pro duct in 1902 by reacting 
either 2 -chloro- 2 ,^, 6 -trinitroeni 8 ole or 3 -chloro- 2 ,k, 6 -trinitrophenetol with aramoniacal 
alcohol (Rec trav chim 21, 32^) and from 2,4,6-trinitroresorcin methylethyl ether with arano- 
niscal alcohol (Rec trav chim 2J, 56 ( 1908 )). 

Meisenheimer and Patzig in 1906 prepared DATlfB in the form of yellow needles, MP 28o°C 
tram 1,3»5-trinitrobenzene ydroxylamine and sodium methylate in methyl alcohol (Ber ^2, 25^0). 
The product was slightly soluble In glacial acetic add but poorly soluble in other solvents. 

It decomposed into RH 3 and 2,h,6-trinitroreaorcln when boiled with dilute NaOH or K0H (Beil 1^, 


Korner and Contardi prepared IAT5CB by the reaction of either 2,4-dichloro-l,3,5-trinitro¬ 
benzene or 2 ,^-dibromo-l, 3 » 5 -trinitroben 2 ene with annoniacal alcohol at room temperature or 
better toy heating to 100°C (Atti R. Accad Lincei ( 5 ), 171 , U 73 ( 1908 )); (5) 18 I, 101 (1909)) 
A method of preparation by prolonged reaction of N-nitro-N-raethyl-2 f 3 ,^, 6 -tetrani troeniline 
with a saturated ammonia solution was reported in 1913 by van Romburgh end Schcoere (Akad 
Amsterdam Versl 22 , 297). 

C. F- Van IXiin obtained IAT3TB melting at 301°C by reacting a concentrated aqueous ammonia 
solution with R-nitro-N,N,N-trimethyl-2, 6 -trinitrophenylenediamine-(l, 3) or vith N-nitro- 
N-inethy 1-N-phenyl-2, h, 6 -tr ini trophenylenedlamine-(l, 3 ) (Rec trav chim j 8 , 89 -IOO (1919)). 
Later Van IXiin and Van Lenr.ep reacted concentrated aqueous ammonia vith 2,l,6-trinitro-3- 
amlnoeniBole or 2,4,6-trinltro-3-aminophenetol to obtain DATN3 melting 287° to 288°C (Pec 
trav chim ^22., 1U7-77 (1920)). In 1927 Lorang prepared the same compound by boiling 2,h,6- 
tri.-itro-l, 3 -bis ( -nitroethyl ureido) benzene with water or by heating it vith arranonlacal 
alcohol in a tube at 100°C (Rec trav chim 6 ^ 9 ) (Beil E 17, $ II 33). 
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Pitzodlnltrophenol 


AXCP 706*177 


c 

31*. 3 

H 

0.9 

N 

26.7 

0 

38.1 

C/H Ratio 


° 2 n 



Impact ScositMty, 2 K| W»: 

Bureau of Minos Apparatus, cm 
SompJe Wt 20 mg 

Pkatinny Arsenal Apparatus, in. (l lb vt) 7 
Sample Wt, mg 15 


Tan: 


Stoat Shea Detonates 

Fibar Shoa Detonates 

RMt Balet Impact Tosh Trials 

% 

Explosions 

Portiols 

Bumad 

Unaffected 


Bxpfeeien TampOfOtafa: C 

Seconds, 0.1 (no cop used) 


1 

200 

5 

195 

10 

100 

15 


20 



75 4 C Intamatfoael Heat Test: 

% Loss in 48 Hrs 

100'C Heat Test: 


% Loss, 1st 48 Hrs 

2.10 

% Lou, 2nd 48 Hit 

2.20 

Explosion in 100 Hrs 

None 


FIsmmebiBty lades: 


Hy»mc»ltltyi % 30°C, <30$ RH Q.Ok 

V«MHty: 50°C, 30 months Unaffected 


M.Ucubr W«jfb: (CgH^ljOj) 

210 

Osygaa lelaass: 

C ©8 % 

CO % 

- 6 l 

-15 

Density: gm/cc Crystal 

1.63 

MolNag feint: *C 

157 

Pressing Paint: *C 

Bailing feint: # C 

Refractive Index* nSi 


ni 


n& 



cc/40 Hrs, ot 
90*C 

100*C 

120'C 

135*C 

150*C 


7.6 


200 Bum Boot load Test: 

r fuse . i5#6 

pWMnTnj W VWVWIM9* 

Minimum Detonating Charge, gm 
Mercury Fulminate 

Lead Azide 0.20 

Tetryl 0 e 10 


BaWistk Mortar, % TNT: 

(•) 
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. Trans! Test, % TNT: 

Plate Dent Test: 





Method 

Condition 

Confined 

Density, gm/cc 
Brisonce, % TNT 





»* Deteaatien Rate: 





Confinement 

- Condition 


Pressed 



Charge Diameter, in. 

" Density, gm/cc 

0.9 

1.5 

1.6 


Rote, meters/second 

1 * 1*00 

6600 

6900 



♦Until it Is established vhicb plcramlc acid (melting point l69°C) isomer la Involved (Ref: J 
Chem Soc, 2082, August 19^9). 
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SUH Charge IWm i f fi m, TNT = 100: 


fOnnHfc M71 N|irfU« ( Let WCtl: 

Density, gm/cc 
Charge Wt, tb 

Tetef N». of Frogme n ft: 

For TNT 
For Subject HE 

3 lech HI, M42AI Projectile, Lot KC-5: 

Density, gm/cc 
Charge Wt, lb 

Toto No. el Frofnef: 

For TNT 
For Subject HE 


F r ag m en t V elo ci ty; ft/sec 
At 9 ft 
At 25% ft 

Density, gm/cc 


tte* (ReMve to TNT): 


Air: 

Peak Pressure 

Impulse 

Energy 

Alt, 

Impulse 

Ueder Water: 
Peak Pressure 
Impulse 
Emrgy 


UNerffoml: 

Peak Pressure 

Impulse 

En*W 


Glau Conn SimI Conn 
Hole Volume v 

Hole Depth 


Color: 

Yellov needles 

Priedpol Uses: 

Percussion cops 

Metfce 4 of UeHeg: 


Pressed 

Loetfag Deoelty: gm/cc 

Apparent 

0 .2? 

At 3000 psl 

1 .1k 




Method 


Under voter 

Hozord Class (Quantity-Distance) 

Class 9 

Compatibility Group 



Exudation 


None 


Solubility: 

Soluble in nitroglycerin, nitrobenzene, 
aniline, pyridine, concentrated hydrochloric 
acid, and in most common organic solvents. 

Sfeat of: 


Combustion, cal/gtn 32^3 

Explosion, cal/gm 820 

Gas Volume, cc/gm 86f 

Sensitivity to Electrostatic 

Diecharge, Joules: (c) 0.0L2 













$ 


Dlazodlnltro) ;ol 


AMCP 706-177 


Solubility: ga/lOO of the following substances: (c) 

Solubility at 50°C 


Solvent 

Ethyl acetate 

Methanol 

Ethanol 

Ethylenedi chlor1de 

Carbon tetrachloride 

Chloroform 

Benzene 

Toluene 

Petrolt. ua ether 
Ethyl ether 
Carbcn dlaulfili 


t 

2.1*5 

1.25 

2.43 

0.79 

trace 

0.11 

0.23 

0.15 

Insoluble (at 20°C) 
0.08 (30°C) 
trace (30°C) 


Preparation: (Chemistry- of Pcrvder and Explos.ves , Davis) 



Ten gm »f plcramlc acid is siuspended in 120 cc of 5^ hydrochloric acid, and under efficient 
agitation at; about 0°C. 3-6 gm sodl' m nitrite in 10 cc vater is dumped Into the suspender.. 
Stirring Is continued for 20 minutes, the product filtered off rnd washed thoroughly with ice 
water. The dark brown product, if dissolved in acetone and precipitated in water, turns bril¬ 
liant yellow. 


Discovered by Graces in 1858 (Annalen 106, 123; H3, 205 (l8o0) and studied extensively by 
L. V. dark (ind ftjg Jhem 25, (1933)* Developed ror commercial use in 1928. Ibis com¬ 

pound was patented in the United States by Professor William M. Dane. 

Destruction by Chemical Decompoel11on: 

Diazodinitrophenol is decomposed ... adding the vater-wet material to 100 times its weight 
of 10% sodi'.a hydroxide. Nitrogen fc ;tis is evolved. 

P.cferer.ca«; 16 

(a) Killlp C. Keenan end Dorothy * v l-*s» Table of Military High Explosives, Second Revision, 

JIAVORD Report No. 87-46, 26 July 1946. ---- 

(b) F. W. D. H. Kusler and F. C. Gibson, Sensitivity of Explosives to Initiation by 
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lane Glycol Pi nitrate (DBGN) Liquid 


AMCP 7<* 177 


Dlethy 


% 

c 2U.5 k 2 c- 0 NO 2 

H k.l H 2 C> *^ 

J> 0 

M ll».3 H 2 C ^ 

0 57.1 HjC -0N0 2 

C/H Rotio 0.11*3 

Maltcalar Waigfct: (C^HgNgO^) 196 

Oxygea lalaace: 

00 = % -Ll 

CO % - 8 

Daadtr 0 ">/« Liquid 1.38 

MalHag Point: °C 2 

Ffoesing Feint: 'C 

Impact SooeMtU,. 2Kg Wt: 

Buroou of Mines Apporotus, cm 100+ 

Sample Wt 20 mg 

Pkotinny Arsenal Apporotus, in. 9 

fkxnpJe Wt, mg 

WN tci *- *c Decoapoaea 160 

flefvective Index, n» 

«S 1.1*1*98 

n» 

Frirtiw Pen de lam Test: 

Steel Shot Explodes 

Fiber Shoe 

Vocttum Stability Test: 

cc/40 Hrs, ot 

90°C 

100’C 0.3cc/20 hr/gm 

120°C 

135 W C 

150°C 

Rifle Relief Impact Test: Trials 

% 

Explosions 

Po-tiols 

Burned 

Unaffected 

200 Gram Bomb Sand Test: 

Sand, gm 42.2 

Explosion Temperatere: *C 

Seconds, 0.1 (no cap used) 

1 

5 237 

10 

15 

20 

Sensitivity ta Initiation: 

Minimum Detonating Charge, gm 

Merc jry Fulminote 

Lead Azide 

Tetry! 

laflMk Mortar, % TNT: 90 

TreexJ Tort, % TNT: 77 

75*C International Kfeat Test: 

% Loss in 48 Hrs 

Flats Dent Ta.it: 

Method 

Condition 

Cor ned 

Den-.ty, gm/cc 

Brisance. % TNT 

100'C Heat Test: 

% Loss, 1st 46 Hrs L.O 

% Loss, 2nd 48 Hrs 3.0 

Explosion in 100 Hrs None 

Detonation Rate: 

Confinement 

Condition 

Charge Diameter, in. 

Density, gm/cc 1*3^ 

Rote, meters/second 6760 

Flammability Index: 

Hygroscepicity: % 

Volatility: 60°C ; mg/cm^/hr 19? 






































Die thy le tie Glycol Dinitrate (PECN) Liquid 


AMCP 706-177 




Shaped Charge TNT =-■ 100: 


NmNI M71 Projectile, Let WC-tl: 

Density, gm/cc 
Charge Wt, lb 


Giro Cone: Steel Cone* 


Hole Vc'ume 
Hole Depth 


Total He. el Prognosis; 

For TNT 
For Subject HE 

3 inch HI, M42A1 Projectile, Let KC-S: 

Density, gm/cc 
Charge Wt, lb 


Colorless 


Principal Usee: Propellant romposiMons 


Tetol No. of ProgsMots: 

For TNT 
For Subject HE 


Frogsies i Velocity: ft/sec 
At 9 ft 
At 25Vfc ft 


Density, gm/cc 


Method ef Loodiog: 


Loo d ing Deotify: gm/cc 


Host fMortr* to TNT): 


Air. 


Peek Pressure 


Impulse 


Energy 


Air, Coofiood: 


Impulse 


Uodor Water: 


Peak Pressure 


Impulse 


Energy 


Underground: 


Peak Pressure 


Impulse 


Energy 


[ Viscosity, centipolscs: | 

Temp, 20°C 

■|, 1 


Liquid 


Class 9 


Hazard Class (Quantity* Distance) 
Compatibility Group 
Exudotion 


Preparation: D3GN can be prepared with approxi- 
rately o5* yield by adding diethyleneglycol 
to mixed acid (50* HNC 45 * and 5 * 

HgO). The temperature^is kept at 30°C or 
lover. The separated DEGN is purified b v 
washing vlth successive portions of water, 
dilute sodium carbonate solution and water 
until neutral. 

Hydrolysis. * Acid: 

10 days'at 22 U C 0.003 

5 days at oO°C 0.003 


Golubi11ty in Wa ter, 

—S5°c '- 


gm/lOO ^m, at: 

5740 

0.00 


Goluti 11 ty . e;m/100 at 
Ether 
Alcohol 

2:1 Ether:Alcohol 
Acetone 















AMCP 706-177 


<* 

c 31-6 

H 3.2 j 

k iu.t a 

0 50.5 

C/H Ratio 

lC0 2 CH 2 C(N0g) 2 CH 3 

ico 2 cw 2 c(no 2 ) 2 ch 3 


Impact Sensitivity, 2 Kg Wt: 


Bureau of Mines Apparatus, cm 

L00+ 

Sample Wt 20 mg 


Pkotinny Arsenal Apparatus, in. 

18 

Somple Wt, mg 


18 

Fi4cHm Pendatnai Teel: 


Stool Shoo 

Unaffected 

Fiber Shoo 

Unaffected 


tm§ Ballet Inspect Test: 

Explosions 

Portiols 


med 

Unaffected 


Melecwlot Wtifht: ( c 10 h 12 n j,° 12 ) 

}80 

Oxygen leleece: 


CO, % 

-59 

co% 

-17 

Density: gm/cc Cry ate 1 

1.60 


PiHiiRfl Nisi: *C 


klV«9 Feint: # C 


MficCWt IM«x f nj 


ixplesien Tsmysrefute: 

•c 

Seconds, 0.1 (no cop used) 

-- ■ 

1 

U Smokes 

250 

10 


15 


20 


75'C Intemetionel Heel Test: 


% Loss in 48 Hrs 


100‘C Meet Test: 


% Loss, 1st 48 Hrs 


% Loss, 2nd 48 Hrs 


Ertplosion in 100 Hrs 


flmnsWIity Index: 

Hygroecrpicity: % 


VoctHMn Stability Test: 


cc/40 Hrs, ot 


90 *C 

•— 

tOO’C 

0.66 

120°C 

—— 

135°C 

0.91 

150*C 


200 Gran Bomb Send Test: 


Sond, gm 


Sensitivity to Initiation: 


Minimum Detonating Charge, gm 


Mercury Fulminate 


Lead Azide 


Tetryl 


ballistic Mortar, % TNT: 

Tmnsl Test, % TNT: 

Flats Dent Test: 


Method 


Condition 


Confined 


Density, gm/cc 


Br iso net, % TNT 



Volatility: 


DtltinHow Rote: 

Confinement 

Condition 

Charge Diameter, in. 
Density, gm/ct 
ote, meters/second 























CP 706-177 




90 min NR, M71 Projectile, Lot WC-91: 

Density, gm/cc 
Chorgc Wt. ib 

Totd No. of Fragments: 

For TNT 
For Subject HE 

3 inch HI, M42A1 Projectile, Lot KC-5: 

Density, gm/cc 
Charge V/t, ib 

Total No. of Fragments: 

For TNT 
For Subject HE 


Fragment Velocity: ft/sec 
At 9 ft 
At 25Vfr ft 

Den« : ty, gm/cc 


Blast (Relative to TNT): 
A.r: 

Peak Pressure 


rgy 

Air. Confined: 


Under Water: 

Peak Pressure 


Bi•f2,2-DinitroDroDvl) Fume rate (ENFF 


Shaped Charge Effectiveness, TNT = 100: 

Gioss Cones Steel Cones 

Hole Volume 
Hole Depth 


Celar: 

- 1 

White 

Principal Uaea: 


Cast 

Loading Density: gm/cc 

1 -S0 

*•*•*•= 


Method 

Dry 

Hozord Clou (Quontity-Distance) 


Compatibility Grc p 


Exudation 

Hone 


Heat of: 

Combustion, cal/gm 
Detonation, cal/gm 
7!ecofiitv, poises: 


3070 

(calculated) 

7^7 

(calculated) 


Underground; 

Peak Pressure 


10^-5 C 
Liquid Penal tj, 
reap, 

10 '.. ‘j°Q 


n‘-hef I zeo Ir. l‘>02 'A. Ill 1 i >1 t. 

-'aval Ordnance La Kora tor,. White Oak 
Mar.'land. 
























Bi8(2,2-Dlnltropropyl) Fumarate (DNFF) 


AMCP 706-177 


Preparation: 

(a, b) 

HC-C0C1 

HC-COpCHoC ( NOp ) pCH 
A1C1, | 2 ? 22 J 

-** HC-C0 2 CK 2 C(N0 2 ) 2 CK 3 

|| + 2CH^C( % ?0 2 ) 2 CHp0H 

HC-C0C1 

3.3 nol 7-3 mol 

1.6 nol djjt yield 


fumaryl chloride 2,2-dinitropropanol aluminum bis(dinitropropyl) fumarate 

chloride 

Ulnitropropanol vas nixed vith chloroform (1320 milliliters) and the mixture heated to 
boil\ng. The distillate vas collected in a water separator. At firat the distillate vas 
cloudy and this vas dried vith calcium chloride before being returned to the system. When 
no more water vas collected in the water separator, the mixture was cooled to room tempera¬ 
ture and the separator removed. Fumaryl chloride was introduced, i allowed by the aluminum 
chloride which vas added in four equal portions. Air was blown into the flask for a minute 
to effect mixing, and the reaction sustained itself without the addition of heat for one hour. 
Steam was gradually introduced so that the reflux temperature was reached 2-1/2 hours after 
the beginning of the reaction. After 3 hours of reflux, the hot liquid was poured into a 
bucket. As cooling took place the slurry was vigo .sly agitated until it finally set up at 
room temperature. This material was broken up and mixed vith dilute ice cold MCI. The solid 
product was collected on a sintered funnel, washed vith water end u'Kh hc«..ic The crude 
material was re crystallized from methanol to give a product meltin/; at 66°C (ur corrected), 
but after storage for several days the melting point was 89°C. 

References: 20 

(e) M. E. Hill. Preparation and Properties of 2,2-Dinltropropani 1 Esters , NAVORD Report 
No. 2ii?7, 3 July 1951^ 

(b) D. L* Kouba and H. E. McNeil, Jr., Hercules Report on High Explos. 'es. ../y Contract 
NOrd-11280, Task A, 26 May 195^- 
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Bl«(2,2-Dinltropropyl) Succinate (lUPS) 


tanfiittlin. 

C 31. 

H 3» T 

„ lk [ 7 ® 2 “ 2 ® 2 c(ho 2 ) 2 ch 3 

0 50.2 CH 2 C0 2 CE 2 C(M0 2 ) 2 CB 3 

C/H Rotte 0.250 

Meleceler Weight: ( c i 0 ‘ l li» N l»°12) 332 

Oxygon Maacts 

CO, % -63 

CO % -21 

Poatlty: gm/cc Crystal I.51 

Meltiag Mat: *C 86 

Fromfait Matt *C 

tmpect SmMvtoy, 2 Kg Wta 

Bureau of Minot Apporoti*. cm 

Sompto Wt 20 mg 

Plcotlnny Arsenol Apporotut, in. 

Somple Wl, mg 

».m— *-»-«- «/• 

Beftacthe Index, n« 

nS 

n£ 

g»—i 

j*vn 3*'Oi 

Fiber Shot 

U- P^-LUya— 

▼ KVM OTwMBOTy VVw* 

cc/40 Hrt, ot 

90*C - 

.00*C 0.10 

120*C 

135*C 

150*C 

RMt Ml# impost Toot: Trio* 

% 

Explosion* 

Port io It 

Burned 

Unoff acted 

200 Grom lomb Saad Toot: 

Sond, gm 

txptpolofi Tifirilwt: a C 

Stconrit, 0.1 (no cop used) — 

1 

5 >400 

10 

15 

20 

tsaalihkn la ImlolmAimm* 

Vw llPImlfWi 

Minimum Detonating Charge, gm 

Mercury Fulminoto 

Ltod Aiide 

Tetryl 

BeWetk Mortar, % TNT: 

Tiausl Toot, % TNT: 

7S'C lUrtiHttl Hoot Tost: 

% Lott in 48 Hrs 

Plata Daat Toot: 

Method 

Condition 

Confined 

Density, gm/cc 

Britonce, % TNT 

100*C Heat To#: 

% Lois, lit 48 Hrt 
% Loti, 2nd 48 Hrt 

Explosion in 100 Hrt 

Poloaotlta Rata: 

Confinement 

Condition 

Chorgo Diometor, in. 

Density, gm/cc 

Roto, metert/tecond 

Wi—iibllHy lain: 

Hygiaoooplclty: % 

Volatility: 


no 

























wiiip •nmiTVP^Ht • n i •• iwi 


90 mm ESI, 1*71 toj et h le, let WC-91: 

Density, gm/cc 
Chorg* Wt, lb 

Toil N*. al Ffynh; 

For TNT 
For Sublet HE 

) lock HI, M42A1 PwJsctHs, Let KC-5: 
Density, gm/cc 
Chorgt Wt, lb 

faA«| •! Lauula. 

For TNT 
For Sublet HE 

fr tgittl V etol ty: ft/soc 
At 9 ft 
At 25 V4 ft 

Density, gm/cc 

Mott (Motto to TNT): 

Air: 

Peok Pressure 

Impulse 

Enwgy 

Air^ Coofiotrf'' 

Impulse 

UoMWtto: 

Peok Pressure 

Impulse 

E"«Vy 

Peok Pressure 

Impulse 

&*W 



III 
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Blo(2,2-Dlnltropropyl) Succinate (DNPS) 


Preparation: 


(a) 


2GH3C(K02) 2 C2l20H 


f" 2 ' 


,C0C1 


CHgCoCi 




|H 2 C00CH 2 C(N0 2 )2CH 3 
CHgCOOO^CfNOg) gCHj 


dinitropropanol 


succinyl aluminum 

chloride chloride bis( 2 , 2 -dinitropropyl) succinate 


A methylene chloride solution of dlnltropropanol (0.02 mol 'n 15 milliliters) was mixed 
with 0.01 mol of succinyl chloride. To this solution 0.003 mcl of crushed anhydrous aluminum 
chloride vas added. It vaa necessary to cool the reaction vessel due to the vlgorouaness of 
the reaction. After 25 minutes at room temperature the reaction solution wot refluxed l-l/2 
hours. Fine needle-like crystals formed upon cooling and adding hexane, ltoe crystals were 
slurried in dilute hydrochloric acid and on recrystallization from methanol gave a 93 ^ yiald 
of IHPS (melting point 85° to 85 . 6 °C). 

References * 21 

(a) M. E. Hill, Synthesis of New High Explosives , NAV0RD Report No. 2965 , 1 April 1^53* 
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l-L,L f L-I^itUtrc jutyrete (enftb) 


AMCP 706-177 


I 


Cir|nnii-( 


C 83.6 


H 2.5 

.OCHgC(HD 2 ) 2 CH 3 

* 19. T 

0 5*-2 

C/H Ratio 

C—0 

x CH 2 CH 8 C(«0 3 ) 

irngu* ImBMfr, 2 Kg Wh 

Bwsou of Mines Apporatus. cm 

Sample Wt 20 mg 

WooHwHy Arsenol Apporotus, in. 

nii uji __ 

Wi 0 

MmNM 

a* Test: 

fiber Shoe 


ttt» Mbl hep set Test: THols 

hpfadow 

tor** 

Burned 

Unaffected 

% 


Mtlscefer Weight: 

355 

Oxygen teleece; 


CDs % 

-89 

CO % 

+e -3 

Dm*?: gm/cc Crystal 

’ 68 


Form II 95 


f| M 

nS 

«S 

VeoMtt Stobtty Tea* 


cc/40 Hrs, of 


90*C 

— 

toos: 

0-5 

120*C 


135*C 


150*C 


2B8 Orem Bomb Seed Tett: 


Sond, gm 



4p 


&«r 


Second?., 0.1 (no cop used) — 


7>t ln-irtml Heet To 

% Lots in 48 Hr* 


W8*C Moot Totft 

% Lott, lit 48 Hr* 
% Lott; 2nd 48 Hr* 
Explosion in 100 Hr* 


Minimum Detonoting Chorge, gm 
Mercury Fulminote 
Ltod Azide 

Tstryl 


MMc Mttir, % TNT 


Tnxnl Teel, % TNT: 


Hilo Dm* Teeh 

Mtthod 
Condition 
Confined 
Density, gm/cc 
Drisonce, % TNT 


Confinement 

Condition 

Charge Diometer, in. 
Density, gm/cc 
Rote, meters/second 


V 





























AMCP 70*47? 


2 , 2 -Dlnltr 


l-k,k,luTfriQltrobu< 



H mi Nit Mil U* WC-tl: 

DamMy.jm/cc 
Onego Wt. lb 

ToM Nt> a# Fiagniafi 
For TNT 
For Subject ME 


lUmMOAl FieHrtia, lotKC4t 
Density, gm/ce 
Onrg* Wt, ft> 


ForTMf 
For Sublet He 


AiMHfl 
Density, gm/cc 


♦t/SSC 


Mast (Metfos la TNT): 
Ate 

Peok Pressure 


k^iubi 

Cn«g> 

Alr f MM 

Imputae 


Peak Pressure 
Impulse 



tyro to (EWPTB) 

Sb opsd Ck or fi IWiOkwiw, TNT = SCO: 

Gbn Corot Stool Cones 

Hole Volume 
Hole Oopth 

Color: Whito 


Metbed ef Loo**: 

Coat 

tn<>! Deasilyt gm/cc 

1.67 


Method Dry 

Hozord Don (Quontity-Distonce) 
Compatibility Group 


Exudation 


Hoot of; (c) 
Transition, cal/gm 
I -► III 


None 


Solvent 

ccTT Ekp 

6 .S 4.8 


II - > I 

- 16.6 


Heat of Solution, 

30°C: 



AH Solution, cal/gm 

Material 

S2* 

IMF 

Form III 

29-5 

8.1 

Form I 

35.6 

12.8 

Form II 

19-1 

-9*1 

Origin* 



Synthesized in 1952 by M. E. 

Hill of the 

U.S. Naval Or^nanc* laboratory, 

White Oak, 


Maryland. 














Both Pona I and III gave vary erratic sensitivity values. The high temperature polymorph 
fora II of IXPTB, gave consistent sensitivity values. 


References: 2 2 

(a) k. E. Hill, f 
Bo. 2trr, 3 July 195? 


itioo and Fro 


les of 2,2-Dlnlt 


inol Esters, dAVQHD Report 


(b) V. B. Hevson, Hercule Report on Higl Ezplosl/es, Ravy Contract ROrd-11280, Task A, 

18 October 195^• 

(c) J. R. Holden end J. Venograd, Physical Properties of an Experimental Castable Eaplor 
sive 2.2-Dlnlt.ropropyl 2.U.U-Trlnltrobutyrate DRPTB. BAVORD Report Ho. kl*27, 11 December 1956. 


See footnote 1 , page 10. 
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AMCP 706-177 2, U - m ni trotolueae (EWT) 


vofnpipnpi* 

% « 3 

C W.3 1 

. „ rv* 

K 15-* 

0 35.0 J 2 

C/H Ratio 0.579 

Milotator Weight: (C^HgOjj) 1.82 

OayffM Balaaca; 

CO- ft -11* 

CO % - 53 

Deatky: gm/cc 1 . 52 t 

MiWn Miit: *C 71 


hapeet IwfclfOy, 1 K| Wh 

Bundu * Mines Apparatus. cm 

Sanr U Wl 20 mg 

PtooHraiy Arsenol Apparatus, K 

Sample W! ( mfl 

BeMag hUi *C Deco^oeee 300 

WnOTVVTB Pig) 

nS 

Mcttoe Fee dot— Teet: 

Stool Shoe Unaffected 

Fiber Shoo Unaffected 

Vscsm Ste8«ty Tilt 

cc/40 Hrs. of 

90*C 

100*C 

I20*C <>•<* 

135*C 

150*C 

RMo Milt hoMt Tarts TrioU 

% 

Exptooiera 0 

Pcrtiah 0 

Burned 0 

Unoffected 100 

200 Graai Pea&SeodTc"* 

Sond.gm 19-3 

Oipleeiea TiBpPiltit! C 

Seconds. 0.1 (no cop used) 

l 

5 Decomposes 310 

10 

15 

20 

iOAPIVvIlj If 

Minimum Ditonoting Chorge. gm 

Mercury Fulminati 

Liod Azide 0-20 

Tetryl 0*25 

BeMrtk Mortar, % TNT: (a) 71 

Treat Tael. % TNT: (b) 6U 

7S‘C latemaHoael Heat Tmh 

% Loti in 48 Hr* 

Plete Deed Teel: 

Method 

Condition 

Confined 

Density, gm/cc 

Brisonce. % TNT 

160'C Heel Test: 

% Loss. 1st 48 Hrs 
% Loss. 2nd 48 Hrs 

Explosion in 100 Hrs 

Deteeertse Rete: 

Confinement 

Condftion 

Chorge Diometer. in. 

Density, gm/cc 

Rote, meters/second 

H» «»sMHfy Is4ti: 

Hryeocoficltv: % s^o c> 100 £ rh 0.00 

VeteHaty: 























AMCP 706-177 


Preparation: 

sm nrr. 

fto.ihintrt gn/lOO an of the following aubataneeat 


gtfaylTffcohol 

Mtraalyeerln Meter 


°s t 

2£ 

2 

% 

2 


25 0.16 

35 0.29 

b5 0.b9 

55 0.77 

60 1.03 

20 

30 

22 

50 

100 

000 

«§s 


Solubility at 15°C, la: 






Solvent 

1 


Solvent 


2 

cscu 

CO* 

mQ- 

Tr v 

IfelUOUk 

CH4QH 

C^5OT (9W 

65.076 

2.b3L 

60.6bb 

b5.bT0 

5.01b 

1.916 


'VHcCH (clsolute) 
Icher (absolute) 
Acetone 

Stbyl acetate 

C^2 

Pyridine 


3.039 

9.b22 

81.9)1 

57.989 

2.306 

76.810 


Occurs aa 75jl of the products obtained on the nitration of toluene, the r aaa l nlng 25i being 
-.<.o r 2,6-IHT and other iscasrs of WT. Also occur* aa an isgmrity In crvda HfT obtained by 
atandard aamifbeturlng process, oaed In explosive mixtures at least since 1931 • 



(a) L. C. talth and B. 0. prater, Ptealoal gating of Bal oalsea, Part 11 
flMaltleltr «Mtai ParfBenancs Testa. MHb winmL bo. 57**, ZT Deceaber 19*5* 


Part m - macellanaoua 


(b) A. H. Blatt, Con>llatloc of Data on (Manic Exploalvea , OSRD Report Bu. 201b, 29 Febru¬ 

ary ISM* 


(c) Report AC-2861. 


(d) Also see the folio* W Pleatlnny Arsenal Technical Reports on EftT: 


0 

1 

2 

1 

810 

1351 

72 

b3 

1830 

1501 

378 

833 


1651 

922 

3*3 


1781 

Ub2 

673 


1821 

1672 

1023 


2031 

2221 

1692 

1663 
17b 3 
2013 


b 

2 

6 

I 

8 

39b 

1615 

186 

97 

768 

80b 

2125 

1556 

817 

933 

lObb 

1816 

8jr 

1538 

108b 


1896 




109b 

U6b 

132b 

lb6b 

152b 

167b 

175b 

209b 


2 

69 

lb9 

2b9 

279 

779 

17b9 


23$** footnote 1, page 10. 


Dipen teervihrltol Ren&ltrete (DPEHN 


AMCP 706-177 


T, %~' 

C 21.T 

H 2.9 

N 15.2 0M0., 

0 60.2 ' “ 

CH, 

cm Rotio 0.15* 0llb 2 

• * 

c-ch 2 -cch 2 oho 2 

tepid Iwsliilp, S Kg Wt: 

Bureou of Mines Apporotus cm 

14 

Somp*e Wt 20 mg 

Pkotteny Arsenol Apporotus, in. 

k 

Sompie Wf, mg 

10 

fdsflee NafdMi Ye*: 

Sleet Shoe 

Explodes 

fiber Shoe 

Unaffected 

•Me BeBs* bptct Teel: Trials 

% 

Explosions 


PortioH 

Burned 

Unaffected 



ttdmbf Walgkt: (CnjH^N^Oj^) 

55k 

Qspges iefimi: 


CO, % 

•26 

co% 

* 3 

Nilhft Wcc Crystal 

1.63 


Vmwm i SieMfr T-h 

cc/40 Hrs, of 
90*C 

100*C 

120*C 

135*C 

150*C 


Send, gm 


Seconds, 0.1 (no cap used) 

1 

5 Explodes 

10 

15 

2t 

300 

255 

Tit IM<w<Iim; M— > Tl! 


% Lou In 48 Hn 


IBTC Meet Teel: 


% loss, 1st 48 Hr* 

0.11 

% Loss, 2nd 48 Mrs 

0.10 

Explosion in 100 Hr* 

None 

n— ,m4n 

Musessi ssiillii QL 

0.03 


1 Minimum Detonating Chorge, gm 


Mercury Fulminate 

Uod Azide 

Tetryl 



MMk Muter, % TNT: 

(•) 

lk2 

Tread Teel* % TNT: 

<*>) 

126 


Condition 
Confined 
Density, gm/cc 
Brlsonct, % TNT 


Confinement 

Condition 

Chorge Diometer, in. 
Density, gm/cc 
Roto, meters/second 


Copper tube 
Pressed 

0.39 
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toX Hexanltrate (igfflNJ 


Tiffs 


ft mm Ml* Mf 1 frij i cHlf , Uf WC-tl: 

Dimity, gm/cc 
Chorgt Wt, lb 

TiM N»> if f mpasmtii 

For TNT 
For Sublet HE 

SUchHE. M4U1 FwluHW, Ut KC4: 
Density, gm/cc 
Chorgt Wt, lb 

Tifil Ni.il 

Foe TNT 
For Sublet HE 


£4 4 _ 

mpiHv ▼sisewy: «r/«sc 
At 9 ft 
At 25% ft 

DmiHy # gm/cc 


Met (MUts foTHTh 
Ain 

Peak Pressure 
Impube 

At- A-^ -J. 


UedetWeten 

Peek Pressure 


Enirgy 


Fsok Pressure 

Impubi 

Enirgy 


SMH Cbovgi MbtH i wg, TNT = 199: 

Gkos Cones Stool Cones 

Hole Volume 
Holi Depth 


Cslsn 

White 


Nnbsl lisas: Ingredient of priming 
compositions 

BS3HI 

Pressed 


Uatfat Dwifcyt gm/cc 

At 3000 to >1000 pci 

x.59 





mvmou 

Dry 


Hoxord Cloes (Qunntity-Distonce) 

Class 9 


Compatibility Group 



ajdotion 




Prepare 

""Tgl 


itloo: ( Chemistry of Posider and 
SSIlvee, 5 »vTi 7 


2 (B 0 ~CBLg)j f C Dehydra tor. 
(HO-CHg) 3 C- 0 -C( CHg-CB) 3 ^ 

(OgKO-CMg) 3 C- 0 -C( CHg-OWOg) 3 


Dlpentaerythrf tol H'txinitrate If procured 
in the pure stiti (melting point 72 °C) b y 
fractional cryatillizatioD of crude PEB 3 
from moist acetone. 

Origin: For med a a an inpurlty in the prepa- 
ration of POT. Properties flret described 
by W. Frederick and W. Br&n in 1930 
(Berlchte 63 , 2061 ( 1930 ); Z. ges 8 ohl*ae- 
8 prengitof 1 v 2 J, 73 - 6 , 125 - 7 , 156-0 ( 1932 )> 

Heat of* 


Combustion, cal/gm 


2260 


120 














ft sf terancaa: 24 


(%) L* C. a*it tad I* 0. %rtt«ri ftrrsloal Siting of ltoloslTts, itot m - Mlactllanaona 
Ssnsltlvlty Ssatai figfbw tncj> 'Em Is, odtfc fcspcrt So.5T*K>, 27 baeuftar 19*5. 

(b) A* Stattbaohar, DU gcMtsa and frrsngstoffb, Lalpsls, p. 363 . 

( 0 ) T. L» ferla, Tba Cbcaistry of Powder and Explosives, John Wiley and Sons* Inc*, Bev 
York (19^3) PP* 21S-SB3. 

(d) a Livingston, Characteristics of Explosives BC and JSWB> PATH Bo. 15&* 6 8ept«t*r 
1945 * 


TT 


1st footnote 1, page 10. 
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PE 


smite. Lov Velocl 


Picatlnnv Arsenal (LVD 


99.5/0.5 RDX/l-MA. dye* 17*5 

% 

TNT 67.8 

Tripe ntaerythritoi 8.6 

68/32 Vlatae no l/DOS binders** fc.l 

Cellulose acetate) IB-1 2.0 

*RDX) Clats £; 1-MA la 9&f* pure l-methylamlno- 
anthraqulnone. 

**Viatac So 1 is lov MW polybutene; DOS la 
dloctylaebecate. 

C/H Ratio 




°^r~- 

CO % 


gm/cc Loading 


C 


Impost SaaaRMhf. 1 Kg Wk 

Buraou 0 f Mines Apporotus, cm 
Somple Wt 20 mg 

Ptcotinny Arsanol Apporotus, in. 
SompleWt,mg 


BsMmgMmti ‘C 

22 

19 

a£ 

a» 

m. a ■ _ 

rVtCHMI rVMMM IIKI 

Steal Shoe 
fiber Shot 

Unaffected 

Unaffected 

Vr*am StebBBf teals 

cc/40 Mrs, of 

90°C 

100*C 

120-C 

135*C 

150*C 


RIHa BaMat Impact Tech Triob 

% 

Exploaiona 

ronton 


0.90 

Burned 

Uno Heeled 


iH Orem lamb Sand Test- 

Sand, gm 

l»0.5 

Seconds, 0 .1 (no cop used) 

1 

5 Ignites U80 

10 

IS 

20 

Minimum Detonating Charge, gm 
Mercury Fulminote 

Lead Azide 

Tefryl 

0.20 

0.15 

B:*s4ar, % * #4T: 

92 


7S*C latevaetieael Meal Teat: 

% Um in 48 Hrc 


1B0*C Heal Test: 

% Lott, 1st 48 Hr* 
% Lot», 2nd 48 Hn 
E*pk*ion in 100 Mrs 


f WWliwjt 


flete Beat test. 

Method 

Conditio** 

Confined 

Density, gm/cc 

Brisonce, % TNT 


Ddcaatlsa Rate: 

Confinement 

None 

Condition 

Hand tamped 

Chorgt Diometer, in. 

1.25 

Density, gm/cc 

0.9 

Rote, meters/second **J*>7; 

or lM00 ft/aec 
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MeeNt^l Ptojacme. 

Density, t |m/cc 
Chorge Wt, lb 

Telel He. el FvefMtfit 

For TKT 
For Subject HE 


U» WC-flt 


Density, gm/cc 
Chorge Wt. lb 


*eje*«e, Ut KMf 


For TNT 
For Subject HE 


Nimasi Vibibyi ft/M 
M O ft 
At 25* ft 

Density, gm/cc 


MeaMleMve to TNT): 
Alvs 

Peak Pressure 

kpulw 

Energy 

Impulse 

Usiir Water: 

Peok Pressure 

Impulse 


Peok Pressure 

Impulse 

Energy 


fbaped Charge iffsiHvsasas. TNT = 106: 

Gloss Cones Steel Cones 

Hole Volume 
Hole Depth 


CaAart 

Pink ] 

Modpel Ikiest Excavation, abolition, 

and cratering 

(MMiHmAw tell Meter m 

chine loaded 

Leading Deoeftyt gm/cc 0*9 

Tteuptd cartridge 1*1/2" diene ter, 8" loc^ 



Method 

Dry 

Hozord Close (Quontity-Distonce) 

Class 9 

Compatibility Group 

Group A 

Esudotion 



Sensitivity to Initiation: 

Stick toy, TEST 6 Electric cap Positive 

Stick toy. Carps of Engineers Positive 

Stick vet, Corps of Engineers Positive 

Air Gsp Propagation 

Max distance vill, inch 2-1/2 

Min distance will not, inch 3 

Stick Water I—craion: 

Weight gain, f 9-16 

Heat oft 

fcxplceion, csl/gm 625 

Osa Volume, cc/gn 6ll 

Cold Storage: Pleetic to - 65 °F 


Lov Temreture Use *e: 
—-iW* 1 day, M* cep 
crimper 


Satisfactory 
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iynanlte, Low Velocity, Plcatlnny Anentl (DTD) 


Preparation: 

Tc date this dynamite bM been prepared on a laboratory eoala» the details of which are 
classified. It bos been shown, howev er , to be aochlne loadable on a Hall packing nacMne. 

Origin: 

Mobel invented the original dfnosdte in 1866 and gave the none dyneaite to mixtures of 
nitroglycerin and kleeelgobr. Hie st rengt h of a dynamite was Indicated by the pe rcenta ge 
of B) in the alxture* later oxidants and combustibles were substituted for the kiesalguhr, 
end monium nitrate and/or nitroetarch replaced the SO, bringing into existence new types 
of flynsMltss World Vhr H Military operations required special demolition and crate ;ng 
explosives free fro* the objectionable characteristics of BP and anny "dyneaite substitutes" 
were developed for specific applications* The subject low velocity dymasAt* woe developed In 
19^6 by Plcetinoy Arseni! (Ref a). 


Ref ere n ces: ^ 


(a) H* V. Voigt, Development of Low-Velocity Hilitaxy Bmloalves Bpilvalent to Oo—rdal 

ftrnsmltes, Pd Technical Report 237b, Kr 3 TT 55 f- ™ ' 

(b) Also see the following Plcatlnny Arsenal Technical Reports on Ifcrnamltes: 


0 12 


i i i I S 


2 


1260 1361 782 864 126$ 1416 
13&) 16 U 153!; 1464 1436 
1720 1506 

1760 2056 


507 848 1819 

957 1828 


2 *S.« footnot. 1, page 10. 



JAolocvIsf Weight: 


timrnfttum 


.uac 

75 

•ma 

15 

Starch 

5 

3U So. xo OU 

4 

Vlatanex oil gel* 

1 

*60/15/5. S« Ho. 10 might oll/VlBtaMx B- 
lSOKC/jhnry IB hl 

C/M Ratio 


Bureau of Mines Apparatus, cm 
Sompie Wt 20 mg 

Piootinny Arsenoi Apparatus, in. 
Sompie Wt, mg 

>100 

18 

25 

McMea NsMmi Test: 



aieei anae 


Crackle* 

Ffeer Shoe 


Unaffected 

: Mtte Batter Bepact Test: Trials 


Explosions 

% 

0 


Portiofei 

0 


Burned 

10 


UnoCfected 

90 


fapMea Tee^emtam: 

Seconds, 0.1 (no cap used) 
1 

5 

•c 


10 



IS 



20 



7S*C ietemettseel Heat Test: 

% Lose In 4S Hrt 

IBB'C Meet Test: 



% Las, 1st 4B Ha 


0.62 

% Lees, 2nd 48 Ha 


0.12 

Explosion in 100 Ha 


None 


Oeygen Beloece. 

CO% 


-51 

tteestty: gm/cc 

Loading 

1.1 

Mettieg Pelet: e C 

Pveeeteg Niet: *C 

Nitroglycerin Bfculvelent, f 

60 


Vmihi to+ rnt j t mi 

cc/40 Hrs, ot 
90'C 
100 # C 
120*C 
135*C 
150*C 


200 Qum OmmO YmIs 

Send, gm 


Minimum Detonating Charge, gm 
Mercury Fulminate 
Leod Azide 
Tetryl 


Melk Matter, % TMT: 


Treat Test, % TMT: 


Method 

Condition 

Confined 

Density, gm/cc 

Brito, xe, % TNT 



r enfinement 

None 

Condition 

Machine tamped 

Charge Diameter, in. 

1.50 

Density, gm/cc 

l.l 

I 

C 

f 

i 

6000-6600; or 50,000 ft/aec 


V e b i i Mi : 
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te, Mwium Velocity* Hercules (MVD 


90 mm Hi, M71 I 

Density, gm/cc 
Ot0fQtV/t # lb 


NNO. U» WC-91: 


M n »i< Chaff H f iiHwn W i TXT = 109s 

Glott Conet Stv*l Conti 

Hole Volume 
Hdt Dtpth 


Tofcsl Ne. e# Fiegi 

For TNT 
For Sublet HE 


5 task Ml, M42A1 

Density, gm/cc 
Chorgt Wl # lb 


HtttrtOt, UMCC4: 


For TNT 
For Sublet HE 


Af Oft 
At 25% ft 

OtntHy, £n/cc 


toUCMttfcttoTMTh 

Airs 

tab Pressure 

Impulse 

Enww 


hnpubi 


Ptok Pressure 

Impulse 

Entrfy 


Peak Pressure 

Impulse 

Ermrgf 


Ctlsrt 

Buff 

Pilarlpaf Uses: Excavation, demolition, and 
cratering 

Mslbtd af Usdsfi Hall Packer 

bb chine loaded 

Isedfag Disittyi gm/cc 

1.1 

Cartridge 1-1/2” diameter, 8 r 

long 

Method 

Dry 

Hozord Clan (Quantity-Distance) 

Class 9 

Compatibility Group 

Exudation 

Group A 


Sensitivity to Initiations 

Stick dry, 9o. 6 Electric cap Potitivt 

Stick dry. Corps of Engineers Positive 

Stick vet, Corps of 

Engineers > 50$ Positive 

Air Gap Propagation: 

Max distance will, inch 1 

Min distance will not, inch 2-1/2 

Quarry Performance; 4 tons rock/ton 

explosive 

Stick Water Immersion: 

Weight gam, % 25-27 

Heat of; 

fixplosion, cal/gm 935 

Gee \Tolume, cc/gm 9^5 

Cold Storage: Plastic to -T0°F 


Cold S 
Lov Tei 


Vaporsture Usage: 

1 day, M2 cap 

crimper Satisfactory 
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Murntaetured on itandard dynamite line end packaged on a Hall peeking eachlne. Details of 
handllig materials end techniques of eanufacture ere classified. 

Origin: 

Military forces frequently require excavation, demolition, end cratering operation*: for 
which standard high explosives ere unsuitable. Pour rial blasting explosives, except black 
powder, ere called dynamites although they a*y contain no nitroglycerin. The subject dynamite 
substitute was developed in 1952 by the Hercules Powder Ooepeny (Ref e). 

R efer e nce s: 2 6 

(a) V. R. Baldwin, Jr., Blasting Explosives (Dynamite Substitute^ , Hercules Powder Oosqpeny 
formal Progress Report, KI 2006, 1? August 1952, Any Oontrect IP.-&-O3b-QRl>-li0. 

(b) H* V. Voigt, Development of Low-Velocity Military Bploslves Bjulvalent to Oo—srcial 
Ifrntnltes, Technical departHo. SJfft, karch 1957» 


^See footnote i, page LO. 
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EC Bl«nlt Fir. 


c «Mtfrtir, 


Hitrocelluloee, 13-25* N 

80 

Barium Nitrate 

8 

Potassium Nitrate 

8 

Starch 

3 

Upheoylaodne 

0.75 

Aurine 

0.25 

C/H Retie 


Import Sensitivity, 2 Kf Wh 


Bureau of Mines Apporatus, cm 
Sample Wt 20 mg 

Picotinny Arsenal Apporotus, in. 

19 

Sample Wt, mg 

20 

McMm rwAHw T«d: 


Stml She* 

Fibtr Shoe 

Shape 

tMe Ballet Impact Teat: Trials 


% 


Explosions 

Portiols 

Burned 

Unaffected 


00B V PNfWlWVl* 

Seconds, 0.1 (no cop used) 

1 

5 Decomposes 200 


10 


15 





Approximately 303 


OxygmMeect 

CO % 

i: 

♦5 

-25 

Density: gm/ec 

MsIHag Mat: 

■c 

FraMtogMrt: 

•c 

BelNeg Peiet* 4 

c 


75*C latsmatisael Heet Test: 

% Loss in 48 Hrs 

1.8 

100 4 C Heet Test: 


% Loss, 1st 48 Hrs 

2.0 

% Loss, 2nd 48 Hrs 

0.2 

Explosion in 100 Hrs 

None 


cc/40 Hrs, ot 

90“C 

100*C 

120 # C 

135*C 

150*C 

200 Gram Baa* Saad Test: 


Sond, gm 

L6.8 

Sensitivity to iaitiatiea: 


Minimum Detonoting Chorgt, gm 


Mercury Fulminate 

0.22 

Lead Azide 


Tetryl 


BsWhtlc Mortar, % THT: 

T renal Test. % TNT: 

Piste Deot Test: 


Method 


Condition 


Confined 


Density, gm/ce 


Brisonce, % TNT 



6.2 

































178 


% 

Haleite (Ethylene Dinltramlne) 
TNT 


C/H Rot 


55 

J*5 


I mped ScmMi^, 2 K| W»: 

Bureou of Mines Apporotus, cm 95 
Somple Wt 20 mg 
Picotinny Arsenol Apparatus, in. 
Somple Wt, mg 20 


« VtCVv^H 

Steel Shoe 
Fiber Shoe 


Ted: 


Unaffected 

Unaffected 


Rifle 


lepirt Teel: 


Explosions 
Port io Is 
Burned 
Unaffected 


T: dIs 

% 

0 

0 

7 

93 


Seconds, 0.1 (no cap used? 

I 

5 Decomposes 
10 
15 
20 

♦CcEffoeltloo Hilelte/TNT < 


°C 

^35 

248 

190 

183 

176 

168 

60/40. 


% Loss in 48 Mrs 

IM'C Hut forts 


% Loss, 1st 4B Mrs 

0.2 

% Lou, 2nd 48 Hn 

0.1 

Cxplosion in 100 Hrs 

None 


continue to burn 

nypifPiyiidyi tD 

None 

Veletfly: 


Oxygen Release: 

COr % 

co% 


Deadly: gm/cc 
MtefNag Met: *C 


Caat 

Eutectic 


R ef —d ire Idtt , n» 

n£ 


Veceeas H e b Wf y ted: 

cc/40 Hn», ot 
90 "C 

100'C 

120°C 

135-C 

150*C 

200 fete— lad Seed Test: 

Sand, gm 


Minimum Detonating Charge, gm 
Mercury Fulminate 
Leod Azide 

♦Alterative initiating chargee 

iettdfe Medet, % TMti (a) 

freest Ted, % TMTs (b) 

Pteie Deal feet: 

Method 
Condition 
Confined 
Density, gm/cc 
Brdonee, % TNT 


Confinement 

Condition 

Charge Diameter, in. 
Density, gm/cc 
Rote, meters/second 


-51 

-17 


1.62 


80 


1.0 

11 + 


49.4 


0 . 22 * 

0 . 26 * 


119 


120 

52/48 

B 

Oast 

No 

1.62 

112 


None 

Cast 

1.0 

1.63 

7340 
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NpiwlsHu Tart: 


90 HI HI, M71 TielodWo. lot WC-91i 

Density, gm/cc 

1.56 1.62 

Charge Wt, lb 

2.065 2.092 

Tefal Ha e> gitp>n>«; 


For TNT 

703 703 

Foe Subject HE 

842 902 

» to* Ml M41A1 TtoJocMh, lot KC-S: 

Density, gm/cc 

1.60 

ChoigeWt, lb 

0.845 

Tefal Ha. a? Fragments 


For TNT 

514 

For Subject HE 

536 

Fiagmea* Veferity: ft/sac 

2730 

At 9 It 

At 2SVi ft 

2430 

Density, gm/cc 

1.62 

Hoot (tolotNo to THDt 

(4. •) 

AJr: 


Peok Pressure 

108 

Impulse 

110 

Enoigy 

108 

Air, CaaHaadt 


Impulse 


UmAv Wafer: 


Peak Pressure 

— 

Impulse 

-- 

Energy 

113 

IMesgsamad: 


?eok Pressure 

Impulse 

Energy 


Booster Sensitivity Test: 

(*) 

Condition 

Cast 

Tetryl, gm 

100 

Wax, in. for 50* DetormUon 1.28 1 

Density, gm/cc 

1.62 


> M ( i < tt t tn M N dhww , TNT = 100: ‘ 

Gian Conn Stool Conn 
Hoto Volume 126 123 

Hole Depth 117 121 


Celsr 

Yellow 

Principal Uses: Projectiles, bombs; special 
ammition components 


Oast 

Uefhg Deasbyt gm/cc 

1.65 

ItoMgo: 


Method 

Iky 

Hozord Class (Quantity-Distance) 

Class 9 

Compatibility Group 

Group I 

Exudation Does 

not exude at 65°C 


Eutectic Tfeapo: 
gn Holeite/K 
79.8°C 
95*0°C 

Compatibility i 


nature, °C: 

355 gm tttT - 


Compatibility with stales 

Dry: Brass, aluminum, stainless steel, 
mill steel, mild steel coated vlth acid- 
proof black paint, and mild steel plated 
with cadmium or nickel are unaffected. Cop* 
per, magnesium, magnesium-aluminum alloy and 
mild steel plated vlth copper or zinc are 
slightly affected. 

Wet: Copper, brass, magnesium, magneaium- 
aluminum alloy, mild steel, mild steel costed 
vlth acid*proof black pslnt and mild steel 
pisted vlth copper, cadmium, nickol or zinc 
are heavily attacked. Aluminum la slightly 
affected and stainless steel is unaffected. 


I 
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Wet Bilelte le added slowly to mol ton TNT heated at about 100 °C in a at mm Jacketed melting 
kettle equipped with a stirrer. Heating and stirring are continued until all moisture la 
evaporated. Loading Is done by pouring the mixture cooled to 85°C. 

Pidgin: 

Mixtures of Halelte (EHVA) and TNT, designated Ednatol ; were developed at Plea tinny Arsenal 
Just prior to World War II. 


References: 

(a) L. C. Ssith and E. G. Ryster, Physical Testl 
Sensitivity Tests; Performance Tests, OSRD Report No. 


loslves. Part III - Miscellaneous 


(b) Philip C. Keenan and Dorothy C. Pipes, Table of Military High Explosives , Second Ravi 
alon, NAVORD Report No. 8T-^, 26 July 19^8* 

(c) D. P. IfccDougall, Methods of Physical Testing , OSRD Report No. SO3, 11 August 19U2. 

(d) L. C. S&ith and S. R. Walton, A Consideration of RDf/Wax Mixtures as a Substitute for 
Tetryl in Boosters , NOL Memo 10,303# 15 June 1^49* 

^e) V. R. Tomlinson, Jr., Blast Effects of Bomb Explosives , PA Tech Div Lecture, 9 April 

(f) Eastern laboratory, du Pont, Investigation of Cavity Effect, Sec III, Variation of 
Ctevity Effect with Composition , BTRC Contract W-672-ORD-5f£> 

(g) Eastern Laboratory, du Pont, Investigation of Cavity Effect , Final Report, 18 Septem¬ 
ber 19^3# HDRC Contract W-672-ORD-572T 

(h) Also see the following PJ catinny Arsenal Technical Reports on Ednatol: 


4 -®See footnote l, page 10. 
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Ethylene Glycol Di-Trinitrobutyrete (OTNB 


6 m Nit M71 I 
Density, gm/cc 
Charge Wt, lb 


Total N* of Pregi 

For TNT 
For Subject HE 


F t e i eeHle, let WC-91: 


I Mi HI* M42A1 

Density, gm/cc 
Charge Wt, lb 


NMb, Let KC-S: 


Total Ha. of F«agmea*ei 
Far TNT 
For Subject HE 


Pragma* Vefccftyi ft/eac 
At 9 ft 
At 25% ft 

Density, gm/cc 


Ns* (Isl e tlfs ta THD: 
Ain 

Peak Pressure 

Impulse 

&iergy 


Shaped Charge Iffecthreaess* TNT = Itah 

Gloss Cones Steel Cones 

Hole Volume 
Hole Depth 


Cslsr: 


Ptlaclpsl Uses: casting medium for HE compounds 

Mathed ef Usisfi 

Cast 

Lsidlap Deaslty: gm/cc 

1.60 

Storage: j 

Method 

Dry 

Hazard Class (Quonti«y-Distance) 

Compatibility Group 

Exudation 

Rone 


Air, CseHeefi 
Impulse 

IJeder Wafer: 
Peak Pressure 

Impulse 

Energy 


Peak Pressure 

Impulse 

Energy 


By the addition of nitroform to ethylene 
glycol diacrylate * As the method of prepa¬ 
ration often leads to products difficult to 
purify* s preparation from ethylene glycol 
and pure trialtrobutyrlc ecld is in process 

Origin: 


First synthesized in 195X *y the U.S. 
Rubber OoB^eny* Research end Development 
General laboratories* Passaic, Nev Jersey. 


Viscosit 


ami 


Temp, 96. 














I 



Ethylene Glycol DA-TTlnltrobutyrate (OTWB) 
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References: 29 

(a) U. S. Rubber Company progress Report No. l4, Navy Contract NOrd-10129, 1 February 1931 
to 1 Huy 1951* 

(b) U. S, ltoval Ordnance Laboratory, Silver Spring, Maryland, Letter from Cr. 0. H. John¬ 
son to Commanding Officer, Pica tinny Arsenal, 8 April 1955 (ORBBB 471*86/44-3, Registry No. 
39815) j and VOL Letter from Ur. D* V* Slckaan to Coemanding Officer, Pica tinny Arsenal, 

29 Hovenber 1955 (0R»B 471.86/159-1; Serial Ho. 02894), 


♦ 

♦ 

# 

t 

f 

A 

i 

t 

\ 

k 

a 

a 

a 

i 

a 

a 

a 

a 

* 

V 

a 

a 

a 

v 

• 

> 

> 

> 

♦ 

« 

1 

* 

% 

* 

r 

s. 

* 

a 

1 

* 

» 


2 *See footnote l, page 10. 
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lotlv* D (AsDonium Picrste 




% 

C 29.3 


H 2.1* 0 2 H- 

ir K ° 2 

H 22.7 

LJ 

0 b$.6 

NCL 

C/H Ratio 0.317 

2 


■pact ImBMty, 1 Kg Mfh 
Bureou of Minie* Apporotus, cm 
Sample Wr 20 mg 

Picotinny Arssnol Appri'Otut, in. 17 
Sample Wt, mg 18 


% 100* HE 


Msliteler WeTgiti 

(CgHgM^) 

2k6 

Osyge* Isles so; 



COs % 


-52 

CO % 


-13 

PnllyT gm/cc 

Crystal 

1.72 


Feb*: *C 


Mates hsMra Tests 


Steel Sho 

Unaffected 

Fiber Shoe 

\jimi reeled 

RM. BaNrt l^m Tmh Trials 


% 

Explosions 

0 

Portia is 

0 

Burned 

30 

unorrecrea 

70 

Kspleclea Temperateras 

# C 

Seconds, 0.1 (no cap used) 

1*05 

1 

36T 

5 Decomposes 

31B 

10 

3XU 

15 

299 

20 

295 

7S*C IsterasNessI Heat Teets 


% Lon in 4B Hr* 


IBO'C Nest Tent 


% Im, 1st 4B Hrs 

0.1 

% Loss, 2nd 48 Hrs 

0.1 

Explosion in 100 Hrs 

None 


cc/40 Hrs, at 

90*C 

100C 

120*C 

135*C 

150-C 

0.2 

O.k 

0.*i 

200 Oran Seed Tech 


Sand, gm 

39.5 

f lljLllill ^ 

HMnTVWJ WW 


Minimum Detonating Chorge, gm 


Mercury Fulminate 


Leod Aside 

0.20 

Tetryl 

0.06 

BeiHatk Matter, % TNT: (a) 

99 


Trawl T«t, % TNT 


Plate Deal Test: 

Method 
Condition 
Confined 
Density, gm/cc 
Britance. % TNT 


Confinement 

Con di tion 

Charge Diameter, in 
Density, gm/cc 
Rate, meters/second 


A 

Pressed 

Yes 

1.50 

91 


None 

Pressed 

1.0 

























Ictslve D (wumlum Picrate 


AMCP 706-177 


mmhamii pmm 

Density, gm/cc 
Chorgt Wt # lb 

Ms, Let WC-91* 

3 

3 

For TNT 

For Subject HE 

1st 

1 

i 

1 to* M, M4SA1 fHfrUto. U» KC-S: 
Dwvlty, pm/ct ] 

ChOrQ* Wt, R> c 

TsSel Ns of fiBjenSi 
For TNT 

For Subject HE 

c 

d 

c 

d 


Verity: ft/ft 

At 9 ft 
At 25H ft 

Density, gm/cc 


AJn 

Fttk Pressure 
Impulse 


Ah. Cm* 

I m p iAt 


- a— w . 

Mr wntrr 

fiflk Aniurt 
Impubi 


M PNMura 

tmpdii 

Cntrgy 


Ooii Conti Steel Conet 

Hole Volume 
Hok Depth 


Cols« 

Yellow-orange 

Mesial Utasx 

AP and boobs 


Pressed 


gm/cc P«i x 10 


Method Vry 

Hasord Oast ((^mtity^Xftonct) Class 9 

Compatibility Group Group I 

txudoiion »one *t 65°C 


Sensitivity to Electrostatic 

Discharge, Joulest_ (d) 


Confined 

Unconfined 


Booster Sensitivity TWr.v: 

(c) 

Condition 

Pressed 

Tetryl, gn 

100 

tfcx, in. for 50% Detonation 1.27 

Density, gm/cc 

1.5* 

Bent of: 


CoMbustion, csl/gB 
Explosion, cal/gm 

2890 

800 

Fomatlon, csl/gm 

395 




















AMCP 706-177 


plosive D (Aamonlua PI crate) 


Explosive D la aanufSctured by suspending picric add in hot vater and neutralising It vith 
gaseous or liquid ammonia. As the pi crate is fanted, it goes into solution; on cooling, it 
precipitates* An excess of asnonla leads to forestion of the red fora of anaonium pi crate. 
This should be avoided* The sepaxated crystals are vaahed with rold voter and dried. 


Effect of 


on Sand Teat Values: 


Kinisun 

Detooatlnj 


Storage. 

Years 

Mercury 

Fulminate 

iar 

frtryX 

(an) 

Sand 

Ousted 

l bT 

0 



0.06 

23 

3-5 

50 

0.25 


23 

2 * 

■onftl 


0.03 

23 

4 * 

itorml 


0.04 

23 

2 ** 

50 

0 .2U 

- 

23 


Solublllt 


* After 3-5 years at 50°C. 

** After 3*5 years at 50°C and 2 years at magazine temperature. 
: gs/lOQ ga it), of: (e) 


Mater 


Alcohol 

Ethyl Acetate 


!£ 

i 

!£ i 

20 1.1 

0 

0.515 

0 0.290 

100 75 

10 

0.690 

10 . 0.300 


30 

1.050 

30 0.380 


50 

1.890 

50 0.^50 


80 

3-620 

80 0.560 


Origin: 

First pzspared by Mtrcband in l84l and used by Brugere in admixture with potassium nitrate 
aa a propellant in 1869. Used aa a high explosive after 1900. 


Destruction 


Cheoloal De 


leal TOStl 


3°See footnote l, page 10. 














140 

























AMCP 706-177 


Olycarol Monol«et»ta Trlnltrata ICLTH) Liquid 



Shape 4 Oierge iffoctfreoore, TNT = 

100t 1 

f> — Ht, Mfl fttjaclffl*, tit WC-Hi 

Gloss Corns Stool Corns • 

Dimity, gnt/oe 

Hoi* Vohjm* 


Otorga Wt, lb 

Hoie Depth 


Total Me. if Frogoremti: 

For TNI 

For Subject HE 

Color: 

hiorlpil Uses: Gelatin! aer for nltrocollulooo 

9 lack HI, M42A1 Pia|*cMa, la* KC4: 



Dimity, gm/cc 

Charge Wt, lb 



ToM No. if Profits: 

For TNT 

For Subject ME 

Method e# Laodtog: 

Laodtog Doosity: gm/cc 


Frey sol Vslsrify: ft/sec 



At 9 ft 

At 25V4 ft 

Dimity, gm/cc 



Method 

Liquid 

its* (RiUo to TNT): 

Hozord Class (Qiontity-Distance) 

daaa 9 

Air 

Compatibility Group 


Peok Pressure 



Impulso 

Enwgy 

Air, CmM: 

Exudation 


Hydrolyale, < Acid: 


Impulso 

10 day* at 22°C 

0.021 

days ot 60°C 

0.01b 

IMrWUm 

Solubility in Mater, 


Peok Pressure 

gm/100 ga, at: 


Impubo 

*5®C 

<0.01 

Enwgy 

<i0 C 

Solubility, gm/100 gm, 

< 0*015 

1.fn<ir,ntn<- 

at 25°C, ins 


Pook Pressure 

Ether 

OB 

Impulso 

2:1 Ether: Alcohol 

A 

Enoryy 

Acetone 

• 


Heat of: 



Combustion, cal/gm 

2bOT 




1 


r 


AMCP 706-177 


ycerol Monolactate Trie 


Liquid 


Pr eparation: 


Glycerol monolactate (GML) It prepared by heating a glycerol lactic add mixture containing 
Itji excess lactic add at 116*0 for 112 hours vlth dry air bubbling through the liquid* The 
product vhich contains 0.6 t£ free add Is carefully mixed vlth 6 parts of hO/6o 
maintained at 20°C, stirred for 1 hour, cooled to 5°C, and poured on Ice. It Is extracted 
vlth ether, vater-vashed, adjusted to pH 7 by shaking vlth a sodium bicarbonate solution, and 
again vater-vashed t&A^e times. It is then dried vlth calcium chloride, filtered and freed 
of ether by bubbling vi'li air until minimal loss in velght is obtained. The product baa a 
nitrate-nitrogen contact of 13*^3$ (theoretical ik.li N). Another batch, prepared from flML 
obtained from glycerol-lactic acid containing 6*5$ excess glycerol, had a nltrate-nitr'geu 
content of lk.yy%, corresponding to a mixture containing 5*5# nitroglycerin* It Is not con¬ 
sidered practicable to prepare the pure GLTK. 


Origin? 


Bae preparation of a nitrated ester of lactic acid and glycerol, by nitrating a glyceryl 
lactate vlth nitric and sulfuric acids, for use in explosives, vas reported In 1931 by Charles 
Stine and Charles Burke (U. S. Patent 1,792,515)- 


Bse preparation of glycerol monolactate by heating glycerol vlth equimolar proportions of 
a lactic acid ester of an alcohol boiling belov 100°C (ethyl lactate) vas patented by Richie 
H. Locke in 1936 (British Patent 1*56,525 end u * S. Patent 2,087,980). 


Reference: 


(a) P* F. Macy and A. A. Saffltz, 
I6l6, 22 July 19^6. 


plosive Plasticizers for Nitrocelluloee, rAl» Ho. 


L See footnote 1, page 10. 
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Glycol Dinitrate (CPU) liquid 


AMCP 706-177 


CmpniHiB} 

% 

C 15.8 _^-0N° 2 

H 2.6 ch 2 

N 1S.1» 1 

0 63.2 

C/H Ratio 0.092 2 

Malacafcr W«i(M: (CgR^NgOg) 152 

Oxygee Belence: 

COr % 0.0 

CO % 21 

BwMMy: gm/cc Liquid, 25°C 1.48 


Fueling Feint- *C 

bHCt SmiliyUy, 2 K| Wl: 

Bureau of Mine* Apparatus, cm 1* (l lb vt); 56 
Sample Wl 20 mg 

Picotinny Arsenal Apporotus, in. 

Sample Wt, mg 


R^3 

Mcfiea Psednteei Teal: 

Steel Shoe 

Fiber Shoe 

TKIWOB Bwfldj Ifdi 

cc/40 Hrs, ot 

P0*C 

100-C 

120°C 

135*0 

150*C 

Rifle BeMet Imped Ted: Triols 

% 

Explosions 

Portiols 

Burned 

Unoffected 

200 Gram lend Send Ted: 

Sond, gm 

bplasiee TempefeHnvs: °C 

Seconds, 0.1 (no cop used) 

1 

5 Explodes 257 

10 

15 

20 

• - ^ 

gvflOnVFRrj If IfliVBV^Wt 

Minimum Oetonoting Chorge, gm 

Mercury Fulminate 

Lead Azide 

Tetryl 

BeWIHt Merle?, % TMT: 

Trend Ted, % TNT: 

75*C Idetedieeel Heel Ted: 

% Loss in 46 Hrs 

Ptefe Deni Teel: 

Method 

Condition 

Confined 

Density, gm/cc 

Brrsance, % TNT 

100'C Heel Teeh 

% Loss, 1st 48 Hrs 
% Loss, 2nd 48 Hrs 

Explosion in 100 Hrs 

Ddoeellsn tele: 

Confinement Glees tube 

Condition Liquid 

Charge Diameter, in. 10 

Density, gm/cc 1.485 

Rote, meters/second 7300 end 2050 

FleeueebUily Index: 

Myfrwc»»iclty: % 30 °C, 90$ RH 0.00 

VeleMHly: 



























AMCP 706-177 


Glycol Dinltrete (GEtO Liquid 


90 mm HC» M71 I 

Density, gm/cc 
Charge Wt, lb 


Total Me. efFtagi 

For TNT 
For Subject HE 


Projectile, lot WC-91; 


3 loch HI* M42A1 

Comity, gm/cc 
Charge Wt, lb 


Projectile, Let KC4: 


Total rw el Fiagmn 

For TNT 
For Subject HE 


Ftagneat V eloci t y : ft/sec 
At 9 ft 
At 25H ft 

Density, gm/cc 


Meet (ftelettve to TNT) : 
Air; 

Peck Pressure 

Impulse 

Energy 

Air. CseHeei: 
Impulse 

Under Water; 

Peok Pressure 
Impulse 


Peok Pressure 

Impulse 

Energy 


Shaped Charge tffactfroaoss. TNT = 1PP: 


Glass Cones Steel Cones 

Hole Volume 

Hole Depth 


Cater; 

Yellow 

fria c Ip el Uses: 

Ingredient of nonfreezing 
dynamite 


Lrodlng Density: gm/cc 



Method 

Liquid 

Hazard Class (Quantity-Distance) 

Claes 9 

Compatibility Group 


Exudation 



Solubility in 1000 cc Vkter: 


Temp, 20°C 
Venor Preseure; 


C 


Heat of: 

Combustion, cal/gm 176k 

Formation, cal/gm (b) 366 




















AMCP 706-177 




Preparation: 

Glycol dinitrate (ethylene glycol dinitrate, dinitroglycol, nitroglycol, dinitrodimethyl- 
eneglycol) nay be prepared by nitration of ethylene glycol, HOC^CHgOH, vith a mixed nitric 
acid in the sane apparatus that is used fcr the preparation of nitroglycerin. The glycol is 
prepared by synthesis from ethylene, and ethylene chlorohydrin: 


H0C1 


CHg ■ CH 2 


hoch 2 ch 2 ci 


H 2° 


NaHCO- 


HOCH^CH.OH 
2 2 


Origin: 

Henry vas the first to prepare and identify glycol dinitrate (Ber 3 , 529 (1870) and Ann 
chin phys [4 ]2T, 243 (1872) but Keloid had previously nitrated ethylene and obtained an un¬ 
stable oil vbicb he supposed to be glycol nitrate-nitrate. No immediate practical use vas 
Made of glycol dinitrate because glycol itself vas relatively rare and expensive at the time. 

It vas 1904 before a patent vas granted covering the use of GW as an explosive (DRP 179,789). 
but it vas seven years later before its actual use as an explosive vas recorded ( M 4m poudr 16 
(19H) p. 214). The principal physical properties of GI® were determined or recorded by Rinx- 
enbach (Ref b). 

References : 32 

(a) Ph. Baoun, Nitroglycerin and Nitroglycerin Explosives , translation, E. M. Synsaes, The 
Williams and Wilkins Company, Baltimore (19£»), p. 224. 

(b) ton. H. Rinkenbach, "lhe Properties of Glycol Dinitrate," Ind Eng Chem 18, U95 (1926). 

(c) ton. H. Rinkenbach, "Glycol Dinitrate in Eynamitr: Manufacture," Chem Met Eng, 3 U, 296 

(1927). ^ 

(d) ton. H. Rinkenbach, Application of the Vacuum Stability Test to Nitroglycer in and Nitro- 
glycerln Explosives, PATR 1624, 27 August 1946 . 


3 2 S m footnote l t page 10. 
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AXCP 706-177 


% 

RDX 

45 

t r? 

30 

Aluminum 

20 

D-2 Vtex 

5 

Calcium Chloride, 
added 

0.5 

C/H Ratio 



It Htf I— oPhrlfy, 2 K| Wl: 

BurtOu of Mints Apparatus, cm 
Sompk Wt 20 mg 

Picotinny Arstnol Apporatus. in. (c) U» 
Somplt Wt, mg 18 


Fri ct ion fandn low Tut: 

Stttl Shot 
Flbtr Shot 


Unaffected 


RIHg •mMn hopoct Teat: Trials 

M 


Explosions 

% 

80 



fart lots 




Burned 

— 



Unaffected 

20 



li^lmiw Temperate re: 

Seconds, 0 1 (no ccp ustd) 

•c 

(•) 


1 

5 

10 

6l0(min) (c) 


15 




20 




75 *C Intemotienol Hoot Tut: 

% Lou in 48 Hr* 

! 8 Q*C Meet Test: 




% Lou, 1st 48 Hrs 


0.78 


% Lou, 2nd 48 Hrs 


0.00 


Explosion in 100 Hrs 


None 


FltumcMIity Itdtx: 

My,fMC«kky: 9fe 30°C, 955 
T1°C, 955 

| HH, 

\ HH, 

7 days 

7 days 

2.01 

1.77 


VeMlity. 


Melecnler Weight: 

93 

Oxygen Monet: 


CO* % 

-66 

co% 

-36 

Penalty: gm/cc Cast 

1.74 

Mrttea Mat: "C 

Freezing Point: 4 C 

failing faint: *C 

Refractive Index, n» 


n£ 




Vhih Stability Ttat: 


CC/40 Hrs, ot 


90*C 

•••• 

100*C 

0.47 

120*C 


135*C 


150*C 


200 Grom tenth Send Teat: 


Sand, gm 

49.5 

C -ijy i-t A l ^1- 

•WoufTwy W imuXfXP* 


Minimum Detonating Charge, gm 


Mercury Fulminote 

.... 

Leod Azide 

0.20 

Tetryl 

0.10 

Bellittk Mortar, % TNT: [d) 

135 

Tromxl Teat, % TNT: 

Mote Pont Tost: 


Method 


Condition 


Confined 


Density, gm/cc 

1 

Brisonce, % TNT 


Petonstion Me: 

(a, b) 

Confinement 

None 

Condition 

Cast 

Charge Diameter, in. 

1.0 

Density, gm/cc 

1-71 

Rote, meters/second 

7191 
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AXCP 706-177 




H -6 


iasster Sensitivity Test: 

Condition 

Tetryl, gm 

Wax, in. fcs 50% Detonation 
Wax, gm 

Density, gm/cc 


I Heat of: \ 

Combustion, col/gm 

3972 

Explosion, col/gm 

923 

Gos Volume, cc/gm 

733 

Formation, col/gm 1 

Fusion, col/gm Y 8 °C (b) 

10.25 

Specific Heat: c^„ *m/°C 

(b) 

30°C 

0.269 

50°C 

0.268 

laming late: 

cm/sec 


1 HvfWHI VWOOeVlfWy* 

(to) -3 

col/Me/em/’C 35 °C 

1.10 x 10 

Coefficient of Expansion: 

Lineor, &H Inch 

o°c 

10 x 10 , 

35°C 

83 x 107 

70°C 

131 x 10‘ 4 

Hardness, Malts* Scale: 

Young's Modules: 

M q 

E', dynes/cm 2 

9.0 x 10 

E, lb/inch* 

L.30 x lu 5 

Density, gm/cc 

1.71 


Oxygen, atoms/sec 
(Z/tec) 

Heot, kitocolori«/molt 
(AH, kcol/mot) 
Temperature Range, *C 
Phase 


A«mor hcN I mpact Tut: 

40 mi Master Projectile: 

50% Inart, Velocity, ft/sec 

Aluminum Fineness 


Plate Thickness, inches 
1 

1 V 4 

IMr 

1 % 


Ismb Dm Teett 

77, MOO -4 Semi-Ar m or Piercing Bomb n Ciicrihi 

Max Sofe Drop, ft 


Height, ft 
Trials 
Unaffected 
Low Order 
High Order 

1000-% General Pur p o s e Bomb vs C on c rete: 


Compressive Strength: lb/loch 2 


Vapor Prassara: 

8 C mm Mercury 

Compressive Strength ; It/inch‘ 
Density^ gm/cc 
Ultimate deformation, % 


See be:ov 


Height, ft 
Trials 
Unaffected 
Low Order 


High Order 


1083 

1.71 

1-32 
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AMCP 706-177 


ftegMietetise Test: 

0>) 

NhHI, M71 toiattite. U* BCS-i-lT: 

Density, gm/cc 


Charge Wt, lb 


lim iwi 


For Composition B 

998 

For fribject HE 

nk 

For 30/20 Tritonal 

616 

3 toch HI, M42A1 Ut KC-S: 


Density, gm/cc 


Charge Wt, lb 


Tetol No. el Fre genets: 


For TNT 


For Subject HE 


Fregenot Velocity: ft/sec 


At 9 ft 


At 25% ft 


Density, gm/cc 


Me* (Relative te TNT): 

(a) 


Air: 3*25" diameter sphere 
Peok Pressure A pel Catenary 
Impulse NFOC Pendulum 

Energy 


Alr # Ceefieed: 
Impulse 


UaAr Water: 

Peak Pressure 


Impulse 

Energy 


Ue4er|veemd: 

Peak Pressure 


Impulse 

Energy 


Sbeped Charge IHtcHvewA TNT = 100: 

Glass Cones Steel r 'vies 


Hole Volume 
Hole Depth 


Loediog Deeiity: gm/cc 

1 .71 

Storage: 


Method 

Dry 

Hazard Class (Quantity-Distance) 

Clase 9 

Compatibility Group 

Group I 

Exudation 

None 


3&J 


■£y. '< 


&: 1 


i/ 






































tampoeitisn. 

C 16.0 

H k.O 


NO. 


H 2 C- N 


\ 


N 37-3 

0 U2.T H 2 C- 

C/H Rot»o0.066 H 


Impact SmsT «•* 2 Kf Wt: 

Buraou of ines Apporotus, cm 1+8 
Sample Wt 20 mg 

Pkotinny Arsenal Apparatus in. lL 
Somplt Wt. mg IT 


F ri c t ion fwdihM) Teat: 

Stttl Shot Unaffected 

Fiber Shot Unaffected 


tlHa Baikt Impact Tati: 

Trials 


% 

Explosions 

0 

Portiols 

60 

Burned 

20 

Unaffected 

20 


b phli oi Ttmpifthin: 


Seconds. 0 1 (no cop used) 
1 

5 Decomposes 
10 
15 
20 


75 °C I ntern ation a l Heel Test: 

% Loss in 48 Hrs 


265 

216 

189 

178 

17? 

170 


0.01 


WC Kent Test: 

% Loss. 1st 48 Hrs 0.2 

% Loss. 2nd 48 Hrs 0. 'j 

Explosion in 100 Hrs None 


Flea nobility Index: ^ 


Myg ra s c opicity: % 0.01 


Nil 




MtltcMltr Weight: 

150 

Oxygen Boknce; 


ca, % 

-32 

CO % 

-10-5 

Density: gm/cc Crystal 

1.71 

Melting Point: V C Decomposes 

175- 

Pveesing Point: W C 

MHa« Mat: *C 

Refractive Isdtx, n® 


nS 


n » 


Vecvvm Stability Teel: 


CC/40 Hrs, Ot 


90’C 


I00°C 

0.5 

120C 

1.5 

135‘C 

■ 

)50*C 

11+ 

200 Gram Bomb Send Test: 


Sand, gm 

52.3 

-1 


Sensitivity ft IrMsHm: 

Minimum Detonating Charge, gm 


Mercury Fulminate 

Lead Azide 

Tetryl 


0.21 

0.13 

•slUrtic Mortar, % TNT: 

(•) 

139 

Troosl Test, % TNT: 

(o 

122 

Plot# Dent Test: 

(c) 


Method 


A 

Condition 


Pressed 

Confined 


Yes 

Density, gm/cc 


1.50 

Bnsonce, % TNT 


122 

Detonation Roto: 



Confinement 


Ur»cor*f ir.ed 

Condition 


Pressed 

Charge Diometer, in 


1.0 

Density, gm/cc 


1.4-1 

Rote, meters/second 


7570 


Volatility: 

























Haleite (Ethylene Dlnlt» ^^e) (EDNA) 


AM CP 706-177 


toaster Sensitivity Test: 

(a) 

Condition 

Pressed 

Tetryl, grn 

100 

Wax, in. for 50% Detonation 

2.09 

Wax, gm 


Density, gm/cc 

1.U2 

Meet of: 


Combustion, col/gm 

21*77 

Explosion, cal/fm 

1276 

Gas Volume, cc/gm 

90S 

Formation, cal '<:m 

1J* 

Fusion, col/grr 


Specific Meet: col/gm/ e C 

Burning Bata: 


cm/sec 


Thermal Ceoductivity: 


coi/sec/c m/°C 


Coefficient of Expansion: 


Lineor, %/*C 


Volume, %/°C 


Herfnu, Mohs* Scale: 

Yeung's Modulus: 


E\ dynes/cm J 


E. Ib/inch* 


Density, gm/cc 



Pocampetfflc* Iguotion: (e) 

Oxygen, otoms/sec 10 12 * 0 



(Z/sec) 

Hoot, kitacolorie/mole 30.5 

37-3 

30.8 

(AH, kcoi/mcl) 

Temperature Kongo, C C 184-25^ 

— 

lkU-161 • 

Phase Liquid 

Solid 

Solid 


Anna# Mata Impact Tact: 


60 ■■ Mactar Projectile: 

50% Inert, Velocity, ft/sec 

Aluminum Fineness 


Plot# Thickness, inches 
I 

1*4 

I Vi 


lent Drop Tact: 

T7, 2000*% Semi-Armor Piercing tomb n Concrete: 

Max Safe Drop, ft 

500 lb General Pur pose leab v» Ceecr e t e: 

Height, ft 
Trials 
Unaffected 
Low Order 
High Order 

1000-16 General Purpose lamb %t Cee c re t e: 


Compressive Strength: Ib/incM 


Vapor Pressure: 

X 


Height, ft 
Trials 
Unaffected 
Low Order 
High Order 


mm Mercury 

















AMCP 706-177 


Haleite (kthylene Dini trend ns 




00 mm Hit M71 Prefect**, Let WC-01; 

Dwwiiy, gm/cc 

1*61 

Charge Wt, lb 

-- 

Tatal N*. «l Fragmatt: 


For TNT 

For Subject HE 


3 tack HK. M42A1 Pn^ctU*. U*l 

^ileito/w 

Density, gm/cc 

L5fc 

Chorys Wt, lb 

— 

Total No. of PvogsMota: 


For TNT 

51^ 

For Subject HE 

6oo 

Fragment Vsltcfr/: ft/soc 

At Oft 

At 25* ft 


Density, gm/cc 


ties* 'tteMve to TNT): 


Air: 

P»uk Pressure 


Impulse 

bnsrgy 


Air, CnH»l: 

Impulse 


Under Water: 

Peok "'ressurs 


Impulse 

EiMrgy 



Psok Pressure 

Impulse 

Entffly 


Shoped Cfcorfce Wfirt^w ii, TNT = 100: 

Gloss Const Stsel Const 

Hols Volums 
Hols Dspth 


Booster 


Pressed 


Loodto o DsoNty : gm/cc P*1 * 10 




Method 

Dry 

Hazard Class (Quontity-Dtstonce) 

Class 9 

Compatibility Grots’ 


Exudation 

None 
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- I 


Haleite (Ethylene Dlnitrai^ine) (ElftA) 


eng—™* 

j ^ CO ♦ 2HN0, 

CH 2 -NH^ 

CH 0 — NH — N0 o 
I 2 2 - C0 ? 

CH^— NH —NO^ 

The rev materials used in this process are cheap end available; the first three reactions 
proceed smoothly, rapidly and in good yield ( 70 $ overall), and only the third requires high 
pressures* The reaction of ethylenediamine vitfa carbon dioxide at about 220°C and 820 atmos¬ 
pheres has been worked out and is more satisfactory for the preparation of ethyleneurea than 
the use of chlorethyl carbonate or urea and better than the reaction of acetic anhydride and 
ethylenedlamlne to yield N,N'-diacetyl-ethylenediamine which can be treated in a way similar 
to the above to yield Haleite. 

Ethyleneurea is very easily nitrated, with strong nitric acid (98$). nt ordinary tfoperature, 
and In a very short time, and the dlnltroethyleneurea produced appears ... .^drolyze, yielding 
Haleite, insediately after solution in water at 95°C* Doth the nitration and hydrolysis are 
practically quantitative. 

Origin: 

First described in 1877 by Franchimont and Klotbie (Rec trav chim 7, 17 and 2U*) but it 
was 1935 before its value as an explosive was recognized. Standardized during World War II 
as a military explosive. 

Destruction by Chemical Decomposition: 

Haleite is decomposed by addition to hot, dilute sulfuric acid. Nitrous oxide, acetalde¬ 
hyde and rthy^ene glycol are evolved. Haleite is also decomposed by addition to 5 times its 
weight of 20$ sodium hydroxide. 

References: 33 

(a) L. C. Staith and E. G. EJyster, Physical Testing of Explosives, Part III - Miscellaneous 
Sensitivity Tests; Performance Tests, OSRD Report No. 57^ *7 Decemoer 19^5- 

(b) Report AC-2983/0rg Ex 179- 

(c) D* P. MacDougall, Methods of Physical Testing , OSRD Report No. 603> 11 August 19^2. 

(d) L. C. Smith and S. R. Walton, A Consideration of RD^/Wax Mixtures as a Substitute for 
Tctryl In Boosters , NOL Memo 10,303, 15 June 19^*9. 

(e) R. J. Finkelstein and 0. Gamov, Theory of the Detonation Process, NAV0RD Report Ho. 
90-1*6, 20 April 19l*7. 

(f) M. A. Cook and M. Taylor Abteg, ’’Isothermal Decomposition of Explosives.” University 
of Utah, Ind Eng Chea (June 1956) pp. 1090-1095. 
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% 

RDX 

ho 


TNT 

38 


Aluminum 

17 


D-2 Wax 

5 


Oilclum Chloride, 
added 

0.5 


C/H Ratio 



Ifict SeeeUWty, 2 Kg Wt: 

Bureau of Mines >Vpporotus, cm 
Sompie Wt 20 mg 

Picatinny Arsenal Apparatus, in. 
Sompie Wt, mg 

l6 

21 


(8) 


Steal Shoe 


Unaffected 

Fiber Shoe 


— 

RMe Met laipect Test: 

Triols 

(b) 

Explosions 

% 

73 


Portiois 

-- 


Burned 

— 


Unoffected 

28 


lipleslew Tempeftmte: °C 

Seconds, 0.1 (no cop used) 

(a) 

i 

5 

L80 


10 



IS 



20 






7S*C l u niat k at Tart: 

% Low in 4# t_ • 

100'C Hart Tart: (b) 

% Lou. Ht 48 Hr* 0.058 

% Lou, 2nd 48 Hr* 0.00 

Explotion in 100 Hr* hone 


Haaiwa M H ty Mn: 


Myrwceffefty: % 30°C, 95* RH, T days 
7-°C, 95* RH, 7 daye 


VaI^UIIw* 
▼ iWIWjo 


Pe— H y: gm/cc 


i^t *r 

t npi • w 


Fr win Mat: *C 


_ Psoja#* *r 


Vecaaan Stability Test: 


(a, b) 

cc/40 Mrs, ot 



90 "C 


.... 

100 # C 


0.**7 

120°C 


0.98 

135 # C 


- - “ - 

150*C 


11+ 

200 Great Beatb Seed Test: 



Sand, gm 


U8.1 

X jeaidTiileii 4^ leklAllem* 
HWmivnj IP 



Minimum Detonoting Charge, gm 


Mercury Fulminate 


.... 

Leod Azide 


0.20 

Tetryl 


0.10 

Ballistic Mevter, % TNT: 

(d) 

133 

Travel Test, % TNT: 


Halt Oiflt Test: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 

Peteaef i ev 1st*: 

Confinement 

Condition 

Charge Diameter, in. 
Density, gm/cc 
Rote, meters/second 
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iPWillTWy 1 

(c) 

Condition 

Cast 

Tttryl, gm 

100 

Wax, in. for 50% Detonation 

1.25 

Wox, gm 

Density, gm/cc 

1*73 

Meet of: 

(b) 

Combustion, cal/gm 

3882 

Explosion, col/gm 

919 

Gas Volume, cc/gm 

Formation, col/gm 

758 

Fusion, cot/gm 78 0 C 

9-25 

Specific Meet: col/gm/ e C 

(b> 

30°r 

0.21*9 

50°C 

0.261* 

toralvf tote: 


cm/sec 


Tbermel Condnctlrltf: 

cal/sec/cm/*C 35°C 

0.97 x 10 3 

Coefficient of lipo—loc: 

(b) 

Linear, AZAnch 

0 5 C 
_o_ 

1*6 x 10'j* 

35 C 

95 x 10" 

70°C 

159 x 10* 4 

Hardness, Mobs' Scale: 


(b) 

E', dynes/cm 2 

10.3 x 10 9 

E, lb/inch 2 

1.1*9 x 10* 5 

Density, gm/cc 

1.69 

Compressive Strength: lb/inch 2 

See below 

Vapor Preesera: 


*C mm Mercury 

(b) 

Compressive Strength: It/inch 

1303 

Density, gm7cc 

1.69 

Ultimate deformation, £ 

1.3^ 


Oxygen, otoms/soc 
(Z/mc) 

Heat, kilocalorie/mole 
(AH. kca mol) 
Temperature Ronge, °C 

Phase 


Amm Mad I mpac t Tact: 

00 mm Maxtor Projectile: 

50% Inert, Velocity, ft/sec 

Aluminum Fineness 


Plate Thickness, inches 


tomb Drop Test: 

17, 20004 Semi Armor-Piercing tomb n Cone vote: 

Max Safe Drop, ft 

500~fc Geoerol Purpose tomb vt C oncr et e : 

Height, ft 
Trials 
Unoffected 
Low Order 
High Order 

1000-lb General Purpose tomt vt Concrete: 

Height, ft 
Trials 
Unaffected 
Low Order 
High Order 
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fO mi NK, MT1 P 
Density, gm/cc 
ChorgoWt, lb 


Projectile, let BGS-1-17: 


T«Nl H*. ef Pragm oal it 

For Compoaition 8 
For Subject HE 
Tor 80/20 Trltonal 

3 inch HE, M42A1 Projectile, Let KM: 

Density, gm/cc 
Chorge Wt. lb 

Total No. of ProgmeoH: 

For TNT 
For Subject HE 


Progmoat Velocity: ft/soc 
At* ft 
At25H ft 

Density, gm/cc 


•kit (Rolotko to TND: 

Ain 3*25" diameter aphere 
Paok Pressure A pal Catenary 
Impute NFOC Pendulum 

Energy 


Sloped Charge Effectiveness, TNT = 

100: 

Gloss Cones Steel Cones 

Hole Volume 

Hole Depth 

Colon 

Gray 

Principal Uses: 

HE charge 

- -« 1 _ 11 _ 

WE e 

Coat 

Loading Density: gm/cc 

1.69 

Storage* 


Method 

Lory 

Hozord Class (Quontity-Distonre) 

Class 9 

Compatibility Group 

Group I 

Exudation 

None 


Air, Confine d: 
Impute 

Under Water: 
Paok Pressure 
Impute 
Energy 


Peck Pressure 

Impute 

Energy 
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Composition: 



% 



RDX 

31 


TNT 

29 


Aluminum 

35 


D-2 Wax 

5 


Calcium Chloride, 



added ' 

C/H Rotio 

0.5 


Impact Sensitivity, 2 Kg Wt: 



Buroou of Minos Apparatus, 

cm 

-- 

Sample Wt 20 mg 



Picatinny Arsenal Apparatus, in. 

15 

Somple Wt, mg 


23 

Friction Pendulum Test: 



Steel Shoe 


Unaffected 

Fiber S: re 


— 

title Bullet Impact Teet: Trials 

0>) 


% 


Explosions 

78 


Partiols 

-- 


Burned 

— 


Unaffected 



fiploeion Temperature: 

°C 

(•) 

Seconds, 0 1 (no cop used) 

1 

5 

— 


500 


10 



15 



20 



75 6 C International Heat Test: 



% Loss in 48 Hrs 




1C VC Hoot Test: 

% Loss, 1st 48 Hrs 
% Loss, 2nd 48 Hr* 
Explosion in 100 Hrs 


Flammibility Index: 


Moloceloe Weight: 


6i* 

Oxygen Bale nee: 

CO, % 

CO % 


-75 

-49 

Density: gm/cc 

Oast 

1.84 

Melting Paint: C 

Fraotot hhk *C 

BetUng Point: *C 

tefvacHve Index, nS 
n& 
nS 

“ Vecaam Stability Taat: 

cc/40 Hrs, at 

90*C 

100*C 

120*C 

135*C 

150*C 


(*, b> 

0 .V 5 

200 Oram Bomb Send Teet: 

Sond, gm 


(b) 

U.9 

OanellLilMt 4a I ■ lsl M gi m m , 

BfmBmVflVy TO TOWTOfTOOVi 

Minimum Detonating Charge, gm 
Mercury Fulminate 

Lead Azide 

Tetryl 

0.20 

0.10 

felM* MwM>, % TNT: 

w 

111 

Trend Test, % TNT: 


Hyg^-atcppicity: % 

_ W _ 

Volatility: 


30°c, 9 C A RH, 7 days 
71°C, 95^ RH. 7 days 


Condition 
Confinod 
Density, gm/cc 
Britonce, % TNT 

Detonation Roto: 

Confinement 

Condition 

Chorge Diameter, in. 
Density, gm/cc 
Roto, mttors/socond 
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# m mi f 

VMUlf wOTOTVtUj liVli 

Condition 
Tetryf, gm 

Wax, in. for 50% Dttonotion 
Wox, gm 
Donsity, gm/cc 


Hoot of: 

M 

Combustion, col/gm 

44 95 

Explosion, col/gm 

877 

Got Volume, cc/gm 

Formotion, col/gm 

491 

Fusion, col/gm 

9-30 

SpMffic N.*»: col/gm/‘C 


30°C 

0.254 

50 c C 

0.254 

Borobif Bote: 


cm/scc 


B BBWBI b^WPBMir 41J? * 

0 >> -3 
1.70 x 10 ^ 

col/Mc/cm/'C 35°C 

CnWldMt ot li^oilw: 

(b) 

Linear, A l /inch 

1*0 x io‘|; 

0°C 

35°c 

63 x 10“* 

70°C 

rtp x 10 " 

Horde en. Mobs* Scale: 

Tseng's Modules: 

00 

E', dynes/cro 2 

11.5 < 10 9 

E, lb/inch 2 

1.67 x 10 5 

Density, gm/cc 

1.81 

Compressive Streogtb: lb/inch 2 

Zee below 


V§p«>f f mwf ; 

e C 


mm Mercury 


Oxygen, otoms/sec 
(Z/MC) 

Heat, kilocolorie/mole 
(AH, kcol/mol) 
Temperature Range, °C 

Phase 


Armor Plate Impact Teel: 

40 mm M o tet Projectile: 

50% Inert, Velocity, ft/sec 

Aluminum Fineness 

500-lb G ooerol Purpose Bembe: 

Plate Thickness, inches 


Bomb Drop Tost: 

T7, 2000-lb Se mi Armo r Pierciaf Bomb n ( 

Max Safe Drop, ft 

500>b Geaerol Patpase Bomb v» Concrete: 

Height, ft 
Triols 
Unaffected 
Low Order 
High Order 

1000-lb Gooerol Purpose Bomb vt Coocrete: 

Height, ft 
Triols 
Unaffected 
Low Order 
High Order 


v xnr?rfe86lve r-trengtb: L b / i r: ch 
Den'.. t j t £ m/cc 
Ui time *e def orma t.1 on, ^ 





















fcft mi Ml* M71 to, Ut BQS-1-1T: 
Dtnuty, gm/cc 
Chorf Wt, lb 


SImH Clif f TNT = 100: 

Gloss Corm Stoti Cones 
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KBX-1; HBX-3 


Preparation: 

HBX explosive mixtures are prepared by melting TNT in a steam-Jacketed melt kettle equipped 
vith a mechanical stirrer. Water-vet is added slovly with stirring and heating until all 

the water le evaporated. Aluminum is added, and the composition is stirred until uniform. 

D-2 wax and calcium chloride are then added. The desensitizer vex, also known as Composition 
D-2, consists of 64^ paraffin and other waxes, ihf nitrocellulose and 2$ lecithin. The mixture 
is cooled from approximately 95° to 100°C to a temperature considered suitable for casting 
(the lowest practicable pour temperature). HBX can also be made by adding the calculated 
cmount of TNT to Composition B to ootaln the desired proportion of RDX/TNT. The appropriate 
weights of the other ingredients are added to complete the mixture. 

Origin: 

Developed during World War II, as relatively insensitive mixtures, by adding 5^ desensiti¬ 
zer to Toroex II, for high blast explosive applications. 

References : 34 

(a) 0. E. Sheffield, Blast Properties of Explosives Containing Aluminum or Other 1 fetal 
Additives , PATR No. 2353* November1956. 

(b) S. D. Stein, G. J. Horvat tnd 0. E. Sheffield, Some Properties and Characteristics 
of HBX-1, HBX-3 and H-6 , PATR No. 2 ^ 31 , June 1957- 

(c) L. C. Smitn and S. R. Walton, A Consideration of RDX/Wax Mixtures as a Substitute for 
Tetryl in Booatere , NOL Memo. 10,303, 15 June 19^9* 

(d) S. R. Walton, Re -xy-t on the Program to Develop an Improved HBX-Tvpe Explosive , KAV0RD 
Report No. 1502, 26 July 1555^ 

(e) A. V. O’Brien, Jr., C. W. Plumner, R. P. Woodbura and V. Philipchuk, Detonation 
Velocity Determinations and Fragnert Velocity determinations of Varied Explosive ^sterna 
and Conditions , national Northern Corporation Final Summary Report KNC-F-13> February 1^5fl 
(Contract iAl-19-020- 501-0RD-(P)-56)* 

x r) Also see the following Picatinny Arsenal Technical Renorts on HBX Explosives: 1756, 

2138 , 2169 . 
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> 2 ) 


HEX- 


% 

Potassium Perchlorate 32 

(17 microna) 

Aluminum, atomized US 

(20 microns) 

RDX (througn 325 n»«h) l6 

Aaphaltum (through 100 mesh) U 

C/H Rotio 

Molftceler Weight: Vf.6 

0 «yy Mmm: 

CO- % -*»2 

CO % - 3 U 


Mafttaf Ntol: "C 

Freering Feint: °C 

Impact Seaaltfrity, 2 Kg Wt: 

Bureau of Mines Apparatus, cm 

Sample Wt 20 mg 

Picatinny Arsenal Apparatus, in. 16 

Sample Wt, mg 2U 

Belling Feint: 'C 

Refractive Index, n£ 

n£ 

nS 

Frtetfen twfelm Test: 

Steel Shoe Detonates 

Fiber Shoe Unaffected 

Veceem Stability Teat: 

cc/40 Hrs, ot 

90 a C - 

100’C 1.25 

120°C 

135°C 

150 a C 

Rifle lei let Impact Test: Trials 

% 

Explosions 

Portiols 

Burned 

Unaffected 

200 Gram Bomb Sand Test: 

Sand, gm 12.5 

fiplnelse Tsmpststate: °C 

Seconds, 0.1 3 used) — 

1 

5 520 

10 

15 

20 

SeesPhrity to Inrtie^oa: 

Mmir..w Detorat ng Chorge, gm 

Mercury Fulminate ---- 

Lead Azide 0.20 

Tetryl 0.25 

BollisCfc Morfnr, % TNT: 

Treesl Tart. % TNT: 

75 *C laterestlenal Heot Test: 

* Loss in 4b Hrs 

Flat* Dent Teat: 

Method 

Condition 

Confined 

Density, gm/cc 

Brisonce, % TNT 

100'C Kee* Test: 

% Loss, *»st 48 Hrs 0.15 

% Lou, 2nd 4b Hrs 0.00 

Explosion in 100 Hrs Tone 

Detonation Rats: 

Confinement 

Condition 

Charge Diameter, m. 

Density, gm/cc 
| Rote, meters/second 

Flammability Index: 

HniMMfklty: % :; or .e 

Vnleft*/; :,re 


1U4 
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90 M Mi, M71 NMk Let WC 91: 

Density, gm/cc 
Charge Wt, \o 

Total Nt. of Ny i fH i 

For TNT 
For Subject HE 

1 lock HI* M42A1 Projectile, Lat XC-S: 
!>ensity, gm/cc 
Charge Wt, lb 

Total No. e# P i ay well : 

For TNT 
For Sublet HE 


PivfnMt Vtlrcity* ft/SOC 
At 9 ft 
At 25% ft 

Density, gm/cc 


Mart (ftebtfce to TNT); 
Ah: 

Peak Pressure 

Impulse 

En*W 

Alt, Cooflood: 
Impulse 

UNer Water: 

Peak Pressure 

Impulse 

Energy 


Peak Pressure 
Impulse 


Fiona Temperature. °K 


Activation Energy, kcal 
Temp, U C ^ 
Specific reaction 
rate, k 


2552 
20.4 
450 to 570 

1.6A x 10' 5 


S hape d Charge IHecttooeaa, TNT = 100; 

Gloss Cones Steel Cones 

Hole Volume 
Hole Depth 


Color: 

Gray 

Prtadpel (fees: HE filler for 
projectiles 

sms LI caliber 

Method of Leedfeg: 

Pressed 

teedleg OseiHy: gm/cc 

Pressed at 20,000 psi 

2.1 



Method 

Dry 

Hazard Closs (Quant ity-Distonce) 


Compatibility Group 


Exudation 

None 


Static Teats: 

20 cm T215E1 Projectile: 
PA Peak Pressure, pal 
NF0C 20" Blast Cube 
APG 24” Blast Cube 

Static Tests; 

20 mm W5T Proj ecti let 


HEX-24 

Foxboro pel l£ 

Catenary psi 46 

IXiration, microsec 533 

APG 24 M Blast Cube 36 

Heat of: 

Combustion, oal/gm 
Explosion, cal/gm 
Gas volume, cc/gm 


Trltonal Torpex 

irr 13.0 
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Camptijrttai: 

% 

Potassium Perchlorate 32 

(17 microns) 

Aluminum, flaked (l micron) 48 

RDX (through 325 mesh) l6 

Aephaltum (through 100 mesh) 4 

C/r* N^tio 

Molecular Weight: 4','.U 

OxytM IiIciki: 

CO, % -U2 

CO % -J* 

°WSaBat?2 0?8g5*Si, ?:& 

Melting Point: °C 

Fiuesiatg Point: °C 

Imped SmMvily, 2 Kg Wt: 

Bureau of Mines Apparatus, cm 

Sample Wt 20 mg 

Picatinny Arsenal Apparatus, in. 

Sample Wt, mg 

Boiling Point: f C 

Refractive Index, 

nS 

n£> 

frkriee Pendulum Ted: 

Steel Shoe Partially detonates 

Fiber Shoe Unaffected 

Vecuum Stability Ted: 

CC/40 Hrs, ot 

90’C - 

100 S C 1.52 

120 C 

135°C 

150 3 C 

Rifle Belief Impact Ted: Trials 

% 

Explosions 

Portiols 

Burned 

U effected 

200 Grom Bomb Send Ted: 

Sand, gm 23*7 

fxplotkn Temperature: C 

Seconds, 0,1 (no cop used) - 

1 

5 545 

10 

15 

20 

Sensitivity to Iniriatien: 

Minimum Detonoting Chorge, gm 

Mercury Fulminate - 

Lead Azide 0*20 

Tetryl 0.25 

Ballidk Merter, % TNT: 

Treed Ted, % TNT: 

7S°C Intemetfonol Meet Ted: 

% Loss in 48 Hrs 

Plate Dent Test: 

Method 

Condition 

Confined 

Density, gm/cc 

Brisonce, % TNT 

100t Hed Ted: 

% Loss, 1st 48 Hrs 
% Loss, 2nd 48 Hrs 

Explosion in 100 Hrs 

Detonation Rote: 

Confinement 

Condition 

Chorge Diometer, in 

Density, gm/cc 

Rote, meters/second 

FlflmmebMty Index: 

Hygroscopic fry: % 

Veletifey: 






HEa-48 
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F wi n m nH— Teel: 


Shaped Qioifi FHicHyuhm, TNT = 100: 


90 mm HI, M71 Projectile, Let WC-91: 

Density, gm/cc 
ChorgeWt, lb 

Total No. of Fragments: 

For TNT 
For Subject HE 

3 inch HI, M42A1 Projectile, Lot KC-5: 

Density, gm/cc 
Chorge Wt, lb 

Total No. of Fragments: 

For TNT 
For Subj^ .t HE 


Fragment Velocity: ft/sec 
At 9 ft 
At 25% ft 

Density, gm/cc 


Blott (Motive to TNT): 


Gloss Cones Steel Cones 

Hole Volume 
Hole Depth 


Color 


Gmv 


Principal Uses: HE filler for small caliber 
projectiles 


iigakjyl ft 

IftlfiNw Vi 

Pressed 

Loading Density: gm/cc 

Pressed at 20,000 

1.62 


Storag e : 


Method Dry 

Hozord Closs (Quontity-Distonce) 


Air: 

Peak Pressure 

Impulse 

Energy 

Air, Confined: 

Impulse 

Under Water: 

Peok Pressure 

Impulse 

Energy 

Underground: 

Peok Pressure 

Impulse 

Energy 

Flame Ifcnpfcre t ;re, K 

va • lo:. r . er ;. . r;-:ol 

'p*A:i?A„ reSfj*. i 

r% ‘ . k 



Compatibility Group 


Exudation None 

Static Tests: 

20 mn T23.5E1 Projectile: 

PA Peak Pressure, pel 77 

■!F0C 2C" Blast C-.be 1*5 

AP0 2b" Blast Cube 1.2 


Static Vests: 

20 mn Pro.’ec tile: 


Foetoro pel 

HtX-bA 

IT. 5 

Tin 

rr 

Tetryl 

Catenary psi 

43 

25 

28 

Duration, mi crosec 

517 

560 

530 

A?0 24" 31ast Cube 

29 

— 

10 


of; 

Join: .8Mot., cal Vrr. ^11'> 

ixpljsic:.. cal A;-:. 1 7 35 

.-ee Vol *n.e. '-c 200 
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HEX-U8 


Cook-Off Teat*: (c) 

20 oa T215EL HET-W Loaded Projectile* With Dye-Costed RDX Top-Off 


Projectile No. 

Cut-Off 'Damp. 

Cook-Off 

1 

170 

Ye* (198) 


150 

i 

t 

No 

| ! 

I 3 

155 ! 

Yes (190) 

i* 

150 to 175 

No 


national northern Projectile Load: 

j M0X-2B (no top-off) ’ 195~ 

I 

! M0X-2B (Tetryl top-off) | 150 

| M0X-2B (9T/3. RBX/vax top-off) j 175 

MOX-2 (no top-off) 175 


Fragment Penetration Testa: 


(c) 


i 

j 

j Projectile 

FlUer 

Altitude, Feet 

1 Avg. No. of Penetrations per 

! Round in Zone 65°-130° 

i 0.020" 

j . 

0.01*0" 

0.051" 

| T215EL 

rac-i*8 

Ground 

35* 

26U 

282 

1 


60,000 

676 

1*32 

: 388 

T28211 

N0X-2B 

Ground 

1 

6& 

290 

235 

1 


1 

1 

1 60,000 

807 

367 

ro 

EX8 Mod 0 

M0X-2B 

Ground 

**76 

268 

-1 

22 k j 



60,000 

672 

261. 

256 


The fragment penetration teat records numbers of complete penetrations of aluminum panels 
of various thicknesses at 2.5 feet from the static detonation. The total penetrations recorded 
on the 24ST-3 aluminum panels occurred vith the projectile nose always pointed toward C° and 
the base toward l80°. 

The test data indicate that on the thicker panels, O.OoO" and 0.051,” the H5X-48 loaded 
T215Z1 projectile produced more comple e fragment penetrrtlons at ground and altitude than 
M0X-2B loaded T282E1 and EX8 Mod 0 projectiles. 



HEX-2 1 *; HEX-48 
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Preparation: 

Otoe HEX compositions were prepared by blending the appropriate weight of the dry ingredients 
in a Patterson-Kelly tvin-shell blender for at least 30 minutes. 

..n alternate procedure for 100 to 200 gram batches used a "Cradle-Roll” mixing device. 

•nils device consisted of a half-barrel type container constructed of wood and lined with an 
electrical conductive material. A plastic roll vas allowed to move over the ingredients by 
remote control action of the container. The roll action prevented caking of the mix but had 
no adverse effect on the particle size of the ingredients. Ifce period of time required to 
obtained a uniform and intimate mixture was approximately fifteen mlnuteo. 

Origin: 

Ihe development of "slow-burning” explosive mixtures which would produce Increased blast 
effects in enclosed or nearly enclosed spaces directed attention to their use for possible 
military application. In 1950 Picatinny Arsenal developed a high capacity filler for 20mm 
projectiles consisting of 85/IO/5 RDX/aluminum/desensitizer which was more powerful than stan¬ 
dard tetryl filler. However, in comparison with MOX type explosives, there wa6 little doubt 
as to th superior performance of the MOX mixture. HEX (higu r^ergy explosive) mixtures were 
developed at Picatinny Arsenal in 1953 (Ref a) as superior higE bn.-t compositions suitable 
for use in small caliber projectiles. 

References: 3 * 

(a) 0. E. Sheffield and E. J. Murray, Development of Exp\oslve o" > Metallized Explosives— 
High Blast Fillers for Stoll Caliber Shell , Picatinny Arsen 1 Memorandum Report No. MR-49, 

21 December 1953* 

(b) 0. E. Sheffield, Properties of MOX-Type Explosive Mixtures , PATR No. 2205, October 
1955. 

(c) National Northern Corporation, Le* er from Dr. C. M. SBffer, Jr., to Conmanding 
Officer, Picatinny Arsenal, 12 June 195’t 
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u’-Kexanitro-oxanilide (HNO 


AMCP 706-177 


Fragmentation Test: 

90 min HI, M71 Frojidik, Lot WC-91: 

Density, gm/cc 
Charge Wt, lb 


Shaped Chorf# Effectiveness, THT =100: 

Gloss Cones Steel Cones 

Hole Volume 
Hole Depth 


Total No. of Fragments: 

For TNT 
For Subject HE 

3 inch HE, M43> ' Projectile, Lot KC-5: 

Density, grr 
Choi ;e Wt, b 


Total No. of Fmoments: 

For TNT 
For Subject HE 


Fragment Velocity: ft/sec 
At 9 ft 
At 25ft 

Density, gm/cc 


Blast (Relative to TNT): 
Air: 

Peok Pressure 

Impulse 

Energy 

Air, Confined: 

Impulse 

Under Water: 

Peak Pressure 

Impulse 

Energy 

Underg round: 

Peok Pressure 

Impulse 

Energy 


Color: Almost white 

Principal Uses: Igniter powder; 

compositions 

pyrotechnic 

Method of Loading: Pressed and 

extruded 

Loading Density: gm/cc 

Storage: 


Method 

Dry 

Hazard Class (Quantity-Distance) 

Class v 

Compatibility Group 


Exudotion 

None 
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2,1 ,6,2' ,1* tu’-Hexanitxo-oxanlllde (HNO) 


Solubility In the following substances; 
Solvent 


Nitrobenzene 

Vfater 

Alcohol (Ethyl) 

Acetone 

Benzene 

Butyl acetate 

Carbon tetrachloride 

Dlmethylfonnand.de 

Ether (Ethyl) 

Acetic Add 
Nitric Acid 
Crystalline form 


<3 gn In 100 cc, at 23°C ~ 5 gm In 100 cc, at 210°C 
0.10 gm In 100 cc, at 100°C 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Very soluble 
Insoluble 
Insoluble 
Soluble 

Long rectangular glistening plates from nitrobenzene 


Preparation: 

Ito prepare hexanltro-oxanilide, first prepare tetranitro-oxanllide as described herein 
under the entry "2,1,2*,1*-Tetranitro-oxanllide (OT))." 

A 1.5 liter round bottom flask is equipped vith a stirrer of the type which causes a down¬ 
ward swirl• Hie flask is Jacketed for hot and cold water. 187 grams of nitric acid of speci¬ 
fic gravity 1.49 (commercial grade) is placed into the flask and 100 grams of sulphuric acid 
is added to the nitric acid under agitation. T:.c mixed acid is cooled to 10°C. 29*2 grams of 

tetranitro-oxanllide is slowly added to the mixed acid under rapid agitation maintaining the 
temperature at 8°-10°C. After the addition of the INC is completed (approximately 25 minutes) 
the temperature Is raised to 85°C over a period of 2 hours and held at 85°-90°C for one hour. 
The hexanltro-oxanilide (HNO) "slurry” is filtered on a luchrer funnel and purified as ex¬ 
plained under "Tetranltro-oxanilide.” 


Origin: 


A. G. Perkin In 1092 obtained hexanltro-oxanilide directly by heating to boiling a solution 
of tetranitro-oxanllide in a mixture of sulfuric and nitric acids. He also prepared the same 
compound from oxanlllde by the action of a boiling mixture if fuming nitric and sulfuric acids 
(j Che® Soc, 6l, 162 (1892}). 

References: 36 

(a) L. Gowen and R. EViggens, Case Cun Ignition Studies , NAV0FID Report No. 2321, 13 Jjne 
1952. 

(b) D. Dubrow and J. Krirtal, Substitution of Tetranltro OxenElide and Hexanltro Oxanlllde 
for Tetranltro Carbazole , PA Pyrotechnic Research laboratory Repoi-t 54-TFl-8’J, 2C December 1c }i>l. 

(c) S. Livingston, Preparation o; Tetx-anitro Carbazole PA Che ideal Reb'ivch Labors ter 
Report 136,330, 11 April 1451. 

(d) S. Livingston, Development of Improved Ignition Type Powders , PATR No. 226Y, July 19*6. 
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C 16 .8 

OJI-N 
2 1 

H 2.7 



° 2 K-H 

h 37.9 


0 43.2 


C/H Ratio 0.095 



g- t Of- W| 

mpnv fpwwwji 4 wfj 

Burtou of Mints Apporotus, cm 
Sample Wt 20 mg 
Pifotimy Arttnol Apporotus, in. 
Somple Wt, mg 


MeleceS** Weight: (C^HgNgOg} 296 


OmM Mot e t 


Pee dry: gm/ce Crystal 1.90 


C Copi 13 Ary methoc 


nvviBp v 


c 


Steel Shot 
Fiber Shot 


Explodes 

Unaffected 


Explosions 

Pprtiots 

Burned 

unaffected 


Ixplriitt Tt itpet afbe : °C 

Seconds, 0.1 (no cop used) 3&0 

1 

5 327 

10 306 

15 
20 


Veamm SleMtty Teel: 


ce/40 ot 


90*C 


100*C 

O.Jf 

120*C 

0.45 

135 # C 


150’C 

0.62 

200 Grate Bomb Sotd Test: 


Sand, gm 

60.4 

JPBwifwy fw 


Minimum Dttono^ng Charge, gm 


Mercury Rjtminote 


Leod Azide 

0.30 

Tetryl 


•oMetfc Merter, % THT: 

150 

Treed Ted, % TNT: 

1*5 


% Loes in 40 Hrs J 

100*C Heel Tteh 


% Loss, 1st 40 hr* 

0-05 

% Iocs, 2nd 40 Hrs 

0.03 

Explosion in 100 Hrs 

None 


title Pant Te*: 
Method 
Condition 
Confined 
Density, gm/cc 
Briton. *, % TNT 


ConfiPTm#nt 

Condit ; jn 

Charge Diumeter, in. 
Density, gm/cc 
Rote, meters/second 
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b«ta-BKX 


vonomon 

Tetryf, ym 

Wax, in. for 50% 0»»onotlon 

Wax, gm 

Density, gm/cc 

Heetefi 



Combustion, col/gm 


23 t" 

Explosion, cul/gm 

(e) 

1356 

Got Volume, cc/gm 



Formation, col/gm 

(•) 

-60.5 

Fusion, col/gm 



Ipilldt M««t! col/gm/*C 

Recryetellized (g) j 

!s 

°C 


-75 0.153 

85 

0.288 

0 0.228 

90 

0.290 

25 0.21*3 

100 

0.295 

50 0.266 

125 

0-307 

75 0.282 

150 

0.315 

IswiMj Role: 



cm/sec 






ed/soc/cm/’C 




CmWkh* of bfriw 

Umar, %/*C 

v*um*, %rc 


Oxygen, otoms/sec 
(Z/sec) 

Heat, kitoeolorfe/mot* 
(AH, kcol/rr^) 
Tsmperotur# Rong*, *C 

Phase 


Await Hm to»nt Tut: 


52.7 

271-31^ 

Liquid 


50% Inert, Velocity, ft/sec 
Aluminum Fineness 


Plot* Thickness, inches 


Htifeecs, Mohs' Scale: («) 

2.3 

Tseng's Medolos: 


E\ dynes/cm 3 


E, Ih/inch' 


Density, gm/cc 


Ccaigjuale* Strength: Ib/inch* 

Vegar Pressure: 


•C mm Mercury 



•mk Om Twh 

17, 20094k kw^A mir Wirci>| hwb rt CwcuNi 

Mex Sot* Drop, ft 

50040 flwirtl Per pess > t«b n C o ua N; 

Height, ft 
Triols 
Unaffected 
Low Order 
High Order 

rvwO Purpose M W Ceecr*#*: 

Height, ft 
TrioU 
Unoffevt*; 
lo»* Order 
High Order 
















beta-HKX 
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ion? (b) 




CH-—It—CH 

*2 i \ < 


i i x 

0,H — It CH N—NO. 

2 I I / 

a*— s — ch 0 


O^N —N 


CH — H—CH 

i 2 1 2 




Tvo m arc required to regulate the Addition of reagents And control the taaparaturc dur¬ 
ing the Initial stage addition; one mrn can complete the procedure. A i-llter 5-necked flask 
la used, the center neck for an efficient stirrer# one side neck for a thermometer# and the 
other necks for burrettes and a gas outlet (to enter trap). The flask la placed In a pan with 
ataan and cold eater Inlets# for temperature control. 

Five cc of acetic anhydride and 250 ee glacial acetic add are poured Into the flask and 
the temperature brought to 45 £ 1°C# and held there for the duration of the entire reaction. 
Die reagents (a solution of 33*6 g» hexamine in 55 gm of gla c ial acetic add# 100 cc of ace¬ 
tic anhydride ard 40 cc of a solution of 42.3/57*7-aflacnium nitrate/960 nitric add) are then 
added simultaneously, continuously and equivalently over a 25-minute period. The reaction 
mixture Is aged 15 minutes. 

The second stage reagents (60 cc of 42.3/57*7# ammonium dtrate/96£ citric add and 150 cc 
acetic anhydride) are then added simultaneously# continuously and equivalently over a 25-min¬ 
ute period. The mixture Is aged 65 minutes# poured Into 1.5 liter of water and tlvsred on a 
&t*am bath for 12 hours. Cool# filter and dry the RDX-HMX precipitate (yield 730 HMX). 

The REK la destroyed# leaving HMX, as follows: 1025 gm of the crude product are placed in 
a solution of 15 gm sodium tetrabsrete decahydrate in 5 liters of water# heated to boiling 
with agitation# and 5 9 BaCH added at the rate of 3 cc/sdn. When about 730 cc have been added 
the pS Increases sharply from a little over 8.7 to over 9*7 which corresponds to complete 
destruction of the H2U Filter th< BMX free the hot mixture; yield 612 gm# a? 279.5°-280.5°C. 
Recrystallization trm nltrooethane yields material belting at 28l°-282°C. 

Origin: 

Was dijcovered as an impurity (by-product) in the nitration oJ hexamethylene-tetramlne to 
form REX. It is now manufactured directly by'the process described above and has valuable use 
in -ve systems. 
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beta-HMX 



Procedure: 


500 great of BT containing 12.251 RDX arc placed In a 1500 cc beaker, 500 cc of acetone 
ia added and the slurry la agitated for several nlnutee at room temperature. Before collate 
settling, the ^DX-HKX-acetono ablution la decanted. 

To the residual HMX-REX, another 500 cc of acetone la added. Hie slurry la heated on the 
•teaahath and vhlle lolling, agitated for several minutes. The boiling RnX-HMX-acotone solu¬ 
tion la decanted. The residual HMX la nov washed with cold acetone luto a funnel. Hiis HMX 
la nov taken up In 95^ alcohol, filtered and dried. Yield 353-9 gn or 70.78^. 

All the acetone extracts are combined and evaporated to dryness. Yield 13 7 -5 ga or 26.5JI. 
Yield Balance: 


Pure BIX obtained - 353-9 gn 

Total RBX-HMX mixture recovered - 

70 . 78 * 

13T-5 

Ssagles taken during process - 

26.50* 

2.4 m 

0.1*8* 

Loss during process 

g.a»* 

Total 

100 . 00 * 


Various saaglea were analysed for RID content: 


1. Crude BCC 12.25* RISC 

2. After first acetone washing 6.0* RET 
3* After second acetone washing 2.0* RUC 
4. After third acetone washing O.Ot FX 
RTX-9GC sample reeoverea 54.5* REX 


R eparation of * ine Particle-size HMX by che Aspirator Method; 

1. Dissclre 1100 ga HMX In W00 cc of dimethyl sulfoxide. 

2. Filter the HMX solution. 

3- Oonvect a clean aspirator to the water line. 

4. Place a 55 gallon clean drum under the aspirator. 

5* Fasten a polyethylene tubir«£, long enough to reach easily to the bottom of the HMX- 
dimethyl sulfoxide ecmtriner, to the side Intake of v^e aspirator. 
f>. FMten to the boctoa of the aspirator another polyethyl ene tube long enough to reach 
to the bottom of the 55 gallon drum. 

7- Open the water faucet and then place the polyethylene tube In the HMX container. 

3. vOtfte silty fine HMX separates out in the drum. Total duration of run is approximately 
7 ‘^lautea. 

9- After all the HMX solution 1* aucked out of the container, the .ter ia turned off. 

10. Hie material ie filtered and water washed. 

11. If dry HMX is required, the material < n be alcohol and ether washed. 


A more efficient method to recover the RDX-HMX mixture: 

1. Filter the combined hot acetone extracts. 

2. Pour while agitating the filtered extracts lntr at least 4 times its volume of water. 
3* Filter and dry, etc. 
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bef-BC 


amcptouh 


Color: 

White 

Storate* 

Method * y 

Retard due (Quanta ty-Dlatance) due 9 

CcswpatiMllty Group Group L (dry) 

Group M (vet) 

Exudation Hone 

S£sssssl 37 

(i ) 0. B. Sheffield! B. J. Moray, A. L. Roeen and B. V. Khnouae, Propartlea of Bg , FA 
QmbImlL Reaaarcfa laboratory R eport Bo. 52-0:1-23, 7 April 1952. 

(b) W. B. BaeUaim, The Preparation of Bg, OSRD Report Bo. 1961, 3 Boveeber 19*3* 

(e) 0. LlTlDgatoo, Cbaracterlatlce o t StPloelTte Bg ind IPBB* PA® Bo. 1561, 6 September 
19*5* 

(d) R. J. Plnheleteln and 0. Oaaov, Ibaory at the Detonation Proceaa, HA?GOT Report Ho. 
9G-W, 20 April 19*7. 

(a) 0. H. Johnaon, Bg u a MU ita^y Exploalva, BAVQRD Report Bo. ^Jfl, 1 October 1956. 

(f) Also see the following Pleat !mj Areanal technical Reporte on Bg: 

i a i i 2 

1741 2183 2016 1737 1709 

2059 

(g) C. Laneiit*, V. Baa ch and R. VsOiciy, fethalgy Ch« mm, Baat of Fualon and Spaclflc 
Haat of Baalc tnloalraa, PMR So. 2504, January 1959* 


'Saa footnota 1, paga 10. 
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-w. 


TKT 

Aluoinuia 

C/H Rotio 

Input MtMty, 1 Kf Wh 

Burtou Of Mire* Apf cratus, cm 
Sample Wt 20 mg 
Pkatinny Arsenal Apparatus, in. 
Sample Wt, mg 


O i y j w fcwwt t 

COr % 

CO<?fe 


P swsltj: gm/cc 


Mott**** *C 


rVOTlM| V 


MN IMih *C 


m -^t- ^ — a 

mcnM rife® 

Stool Shoo 
Fiber Shoo 


Uhcffected 

Unaffected 


Jfto M O In p ut Toot; lOTriols , f 

3/lf St—I l/8" A1 

Explosions 90 50 

Partial* 

Bumod 10 

Unoffectcd 0 50 


Seconds, 0.1 (no cop used) 

1 

5 Fiance erratically 

10 

d5 

20 

370 

7i‘C tnfomoHooel Neat Tot: 


% Loss in 48 Hrs 


100*C Hoot Tost* 


% Loss, 1st 48 Hrs 


% Loss, 2nd 48 Hrs 


Explosion in 100 Hrs 


HonunobWity Index: 

HygfoscopkJty: % 

VoMBty: 


CC/*0 Hrs, a> 

90*C 

*oo*c 

I20*C 

135*C 

150*C 

0.37 

200 Groan Bomb Send TsU; 


Sond, gm 

61.3 

•- IaLJa— ^ >». _ 

oWaWlfify if* lORWHii 


Minin um Detonating Charge, gm 


Me rcury Fulminate 

.... 

Lecd Aside 

0.30 

Tetryl 

•°* k « 

BoWlsHc Matter, % TNT: 

120 


TtnwrfTest, % TNT 


Hoto Pont Toot; 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 


PeoNtlos Into: 

Confinement 

Condition 

Charge Diameter, in. 
Oensity, gm/cc 
Rote, meters/second 


























AMCP 706-177 


iwlW (^HnlWj SOT* 

Condition 
Tetryl, gm 

Wax, In. for 50% D tt onoHon 
Wox, gm 
Dimity, gm/cc 


V«f«r hwift: 

'C 


mm Mercury 


■mmpiiMm mmNn: 

Oxygen, ofoms/sec 
(Z/s^c) 

Heat, lukxoiorle/mole 
(£H, ke*;/mol) 
Temperature Range, *C 


Heotef: 

Combustion, col/gm 

3687 

Exple km, col/gm 

1190 

Got Volume, cc/gm 

660 

Formation, col/gm 

Fusion, col/gm 


Specific Heel: cal/gm/X 

32° to ?l*°c 

L____ 

0 . 21*5 

Burning l#s: 

cm/icc 

IMMM WiiHHR 1 n f l 

ool/se'/cm/*C 

Coefficient ef Bxpenslee* 

Linear, %/*C 


Volum*, %/‘C 


Hsrfsen, Mek» !csh: j 



E', dynes/cm* 

E, lb/Inch* 

Density, gm/cc 


Cemprei dve SmsgHi! lb/ inch- 

2260 

See belov 


00 mm Mofr Prefect ^ : 

50% Inert, Velocity, ft/iuc 

Aluminum Fineness 

5004 General Nym liw b i t 

Plate Thickness, inches 


Ccmreielve Strength: lb/1 r,ch ‘ * 

Average" (io tests) 2?6o 

High 2530 

Lav 1910 


* Test specimen 1/2" x 1/2" cylinder (epprox 
load c»r 30,000 pel with a 2 mirute U®e of 


liwb Drop Test; 

T7, S 000 4 Sem^Aw ner Meeting Betnfc vs Cwo e te : 

Mo* Safe Drop, ft 

5004k General Rw yen 0«nb vs Concrete: 

Height, ft 
T rials 
Unaffected 
Low Order 
High Order 

10004k Gene.*! Purpose Bemk vs Cencrete: 

Height, ft 
Trials 
Unaffected 
Low Order 
High Order 


K 


Pi5£5SHI 


ui ttonte 


Average (10 teats) 

High 

Low 


* irately 3 gw) pressed at j tons (6,000 lb) total 
dvel 1 . 
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-t 


r 


AMCP7r m 


Modulus of Blaatlclt 



lb/inch* 

Average 

89,200 

; High 

1 

9T,*t00 

Low 

: 76,300 


* lt§t specimen l/2” x l/2" cylinder (approximately 3 gm) pressed st 3 tons (6,000 lb) 
total load or 30,000 psl vlth a 2 minute time of dvell. 


Setback Sensitivity lest: 


Critical Pressure 
Density, gm/cc 


119,000 psl * 
1.98 


\ 


# Pressure belov which no Initiation Is bbtalned and abort which an lncreasltg 
percentage of Initiations can be expected as the setback pressure Increases# 


Preparation: 

Procedure similar to that used for Torpex. 
Beforenets;** 


(a) 1st Indorsement from Chief, jhploslwes Drre 
Research Section, Pi^tiiny Arsenal, dated 12 Mey 1< 
and REA-3*" 


t Ssctlon, to Chief, Rxploeivee 
Subject: "Properties of Octols 


(b) R. Brown and R# Vellcky. E 
Report Bo# 5&-E1-509, 5 >*y 1956." 


Pica tinny Arsenal General laboratory 


^®Se« footnote l, page 10. 
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Lead Azide 


AMCP 7C6-177 


FisfirctaHsr TeH: 


St upi d Oteife iH a tfb oa— > TNT = 10#: 


NmiNItMII HeiecMe# Lot WC-91: 

Density, gm/cc 
Charge Wt, lb 

For TNT 
For Subject HE 

3 Sadi HE. M4XA1 Protects, L* KC4: 

Density, gm/cc 
ChorgeWt, tb 

Total No. of ynfowh i 

For TNT 
For Subject HE 


Pragma* Vefeeity: ft/sec 
At 9 ft 
At 2Sft h 

Density, gm/cc 


Meet (Motive ta TNT): 
Air: 

Peok Pressure 
impulse 

Energy 

Air, Corfbed: 
Impulse 

Under Wotat: 

Peok Pressure 

Impulse 

Entrgy 


U^i^f^rr^pr^m^i^i . 
Peok Pressure 
Impulse 
Energy 
Heat of: 


Combustion, cal/gm 630 

Explosion, cal/gm #7 

Gas Volume, cc/gm 300 

Formation, cal/gm -3^6 


Gloss Conor jta$T Cones 

Hole Volume 
Hole Depth 


Cetan White-buff 


P H o s Ipoi Uses: Detonators, priming coapoaitioae, 
and commercial blasting oops 


Me tho d ef Looting: Pressed 

tsetiog D—«#ys gm/cc psl * 10 ^ ™~ 

3 5 10 15 

2.62 2.71 2*96 3-07 _ 

SO g; 

Method Wet 


Horord Clots (Quontity-Dotence) Class 9 

Compatibility Group Group M (wet) 

Exudotion None 


Compatibility vith Me tale: 

Dry lead azide does not react with or cor¬ 
rode steel, iron, nickel, aluminum, lead, 
zinc, copper, tin or ccdmlum. I- does not 
affect coatings of acid-proof black paint, 
oil, NBC compound or shellac. Lead azide in 
the presence of moisture corrodes zinc and 
copper; and with copper, it forms the extreme¬ 
ly sensitive and dangerous copper azide. 


Specific Heat; cai/gm/°C 

°c 


50 

0.110 

0 

0.110 

25 

0.110 

50 

0.110 


Thermal Conductivity; 

cal/aec/cm/°C (Pure) 1-55 x 10* 1 * 
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AMCP 706-177 Had Aside 

OcasatlMUtr *ith Metals: 

Dry: Steel, iron# nidksl, tluelmm, lead, sine, copper, tin, etalnleea etael, braes and 
braise sere unaffected by six years' contact with dry lead aside at aablent teiv^reture and 
50°C. Mail, cbrone-nlckel and Ineooel sere unaffected under the sene conditions In two and 
co* half years. 

Wet: Copper and sine are rapidly attacked by moist lead azide, while aluslnun Is not 
attacked In 2k hours, tooel, chroee-nlckel and Inconel are not attacked by lead aside 
mlsture) after 29 *oatbc* exposure at aablent te^ereture and 50°C, end J-l eagceslua-elunl 
mm alley la eery slightly cor r o d ed. 


lead Aside 


Leed Aside 
plus 

2&TEter 


lead Aside 
plus 


le ad Aside 

J§nHb- 


motion Pendultai Best: 
(All XA dextrlnated) 


fibs. 

Tiber 

Tiber 

Steel 

Fiber 

Steel 

Tiber 

So. at lrl*ln 

1 

10 

12 

10 

k 

1 

fspt nws 

1 

0 

0 

0 

1 

1 

Cte&Uaga 


0 

2 

0 

2 

0 

Qatfected 

0 

10 

10 

10 

1 

0 


(All IA dextrlnated) 

PI Apparatus, Indies k 
Activation matron (c) 
Koal/noJe 

Induction Psriod, seconds 


23 - 7 ^ 

0 . 5-10 


gffidenr v , Qrena Required to Qlve Complete Initiations of: 

Dartrlnsted Asloe isn) 


WT 

flitryl 

RZflC 

ms 

Sensitivity to Static Disc 


Joules (Pure lead Azide) (b) 


0.0070 












I 


Lead Aside 
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Cowatlbillty of Duct 

HSwvt&arsssi 


of Ductrlaatod L»d Arid* with Black Poyder: 


t tv a 


w"eft 


8>ggle Wt (m) tfcUrtol 

1.0 ' LMd Azide 

1.0 Black Powde- 

2.0 50/50,Lead Azide/Black Pcrvder 


Solubility of Pure Lead Azide; wa/ lOO m of HA ter: 

2 S t 

20 0.05 

Preparation of Lead Azide (Dextrineted): (da Pont procedure) 
2 Is - H— I + rb (*>3)2-* Pb(l 3 ) 2 > 2 


cc 


0.50 

0.3B 

1.26 


Lead nitrate eolation: This is prepared by dissolving lob lbs lead nitrate and 8.25 lb*, 
dextrine in deionfted eater, the solution aliened to settle, and sodium hydroxide added to 
bring the solution to a pH of 5*b. The final concentration of the solution is then adjusted 
t-> ?.b# lead nitrate, 0.375# dextrine by addition of deionized eater. 

file lead aside Is precipitated at a solution takersture of lfiO°F, using 60 parte lead 
nitrate and 50 parte sodium eside solution. The letter is added to the former in 23 minutes, 
under agitation (no baffles ere used in the precipitation Teasel), the mixture cooled to room 
ta^pentu* r in 12 minutes, and sllowed to settle 10 minutes. The mother liquor is decanted 
end the remaining slurry sashed before packing. 

Origin: 


first prepared in 1891 by T. Curtltu (Ber 2b, 33b5-6) by adding lead acetate to a solution 
of sodium or sfinlum aside. 7. Syronimus (I%pb Patent 38b,792) should be credited vita the 
first attest In 1907 to use lead aside with some success in the explosive Industry. Its com- 
mtrdal manufacture started in Harps before World Wer II end In the United States since 1931 
as military or commercial grade "dextrineted" lead azide. 

Destruction by Chemloal Decomposition: 

lead aside cen be deccspoeed by 

(:) mixing vlth st least five times its weight of s 10# solution of sodium hydroxide 
and allowing the mixture to stand for 16 hours. Decent the supernatant solution of sodium 
azide and drain into the soil. 

(2) dissolving in s 10# solution of ansonlum acexate and adding a 10# solution of 
•odium or potassium bichromate until no mar* lead chromate Is precipitated. 

(3) vetting vlth 500 times its weight of water, slowly adding 12 times its weight 
of 25# sodium nitrite, stirring, and than adding lb times its weight of j6# nitric or glacial 
acetic add A red color produced by the addition of ferric chloride solution indicates Lead 
Aside Is still present. 
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AJ5CP 706*177 


Lead Azide 


(k) diesolving in 50 tinea Ita wight of 15* ceric anonlum nitrate. The az^ la 
decoctsed vith the evolution of nitrogen. ' ^ 

Referenced: 39 

(a) Ft. Naoua, Z gee Schleaa SprengatoffV , l8l, 229» 26? (27 June 1932). 

(b) F. V. Bream, 0. H. Kualer and F. C. Glbaon, Sensitivity of Bsploelvea to Initiation 
by Klectroatatlc Dischargee , U. S. Dept of Int, Bureau of Mines, HI 3652 , 1946- 

(c) C. Lenchltz, Ice Calorimeter Determination of Bnthalry and Specific Beat of Eleven 
Qrganowtallic Otroounia, BPS' JC224, Bovenber Y 55. 

(d) Also aee the following Picatiruy A v jf^l Technical Reporta on Lead Aside: 


0 

1 

2 

1 

k 

l 

6 

I 

8 

2 

550 

561 

832 

393 


255 

326 

567 

626 

609 

580 

861 

852 

1393 

78 U 

525 

856 

637 

708 

719 

600 

1^51 

882 

H 93 

m 

1325 

866 

657 

7**8 

7^9 

760 

1651 

932 

2093 

<M 

1 U 85 

1316 

707 

788 

.769 

IU 50 


1132 

2133 

216 k 


1 m 

1737 

838 

m 



1152 


220 k 


1556 

2227 

1388 

999 



1352 






1328 

2179 



1372 






1838 



2196 


^See footnote l, page 10. 
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band 2,4-Plnltroreanrclnate (UHR) 


AMCP 706-177 


C/Hfe*io 0.5^9 

Impnct Sf i Nvfty , % X§ Wh 

Bureou off Mines Apporotus. cm 1 kc vt 30 
SompJe Wt 20 mg 
Pic oti nny Arsenal Apporotus, in. 

SompleWt, mg 20 


»w#li (PbCgHjjHgQg) V05 


Oiyfcs Niec e; 

CO- % 

CO% 


Density: gm/cc c 
Matting Wo* °C 
ffimhn f eint; *C 
■eHhif feint: 'C 
Refractive Into, n° 


Crystal 


Steel Shoe 
Fiber Shoe 


Explosions 

POrtiols 

Burned 

unoTTecrea 


Test: Trio Is 

% 


Seconds, 0.1 (no cop used) 

1 

5 Explodes 265 
10 
IS 
20 


7S*C laMfMlfcaal Mwt Tut: 

% Lou in 48 Hn 


lit Meet Test: 

% Lots. ' *t 48 Hn 

0*20 

% Lou. 2nd 48 Hrs 

0.02 

Explosion m 100 Hrs 

None 


HygMM*fcfcr % 30°C, 90$ RK 

0.73 

VeMffty: 



Vecnran Stehtty Teel: 

cc/40 Hrs, ot 
90*C 

100X 

120°C (73 minutes) 

I35*C 

150*C 

200 Gram Bent Send Test: 

^Kkffpovder fuse _ 

MKunTwy Iw IMV1WVW* 

Minimum Detonating Charge, gm 
Mercury Fulminate 
Leod Azide 
Tetryl 


BeRMc Matter, % TNT: 


Tiensl Test, % TNT: 


Condition 
Confined 
Density, gnr /cc 
Brisonce. % TNT 


Pstsnetlse Rets: 

Confinement 

Condition 

Charge Diameter, in. 
Density, gm/cc 
Rote, meters/second 


Explodes 
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Had g.4«PlPlt]roforeln>f 


(LEHR) 
















AXCP 706-177 


Lead 2,4-Dinltroree ordnate (UHR) 



3b a aolutiOQ of 5 grass of purifJe- nlnltroresordn and 2.65 grans of anhydrous sodium 
' te In 500 cc of boiling water is ar id slowly a solution of 10 grans of land nitrate 
u^ssolvad in 60 cc of boiling vater. Th® reaction mixture is constantly stirred during the 
addition of the lead salt and for about an Hour aftemrd vhlle the solution Is allowed to 
cool to room temperature 3b® precipitate is filtered and washed thoroughly first with water 
aad then with alcohol ar ether. It Is dried In a steam oven. 


Origin: 

1, fc-dini troresarcin was described In the 1881 edition of Bel Is tel u (Bell VU, 885 ). The 
sane compound was described In mare detail by tfeselsky, Benedict and Htfbl In 1882 (M H# 323). 
The lead salt of 2,4-dldtrore s qr d nal appears to hare been prepared between World War I and 
World Whr II by treating resorcinol with nitrous add and oxidising the resulting dlnltroso- 
resordnol to dlnltrore sorcl r ol. head nitrate solution was than added to a solution of tbs 
2,4~dlnltroreaerdnol to which sodium carbonate had been added to fora the soluble sodium salx 
(J. D. ro pp e r , PkTR k&0, March 19 j 4). The LTBR exists in two forms differing In physical 
characteristics but possessing similar explosive properties, lhese forme are red and orange 
in color (K. 8 . Wsrren, B KTR IhkQ, Bepxntn 1944). 


(a) See the following picatlnpy Arsenal Technical Reports on head 2,4-Ddnitroresorcinete: 


460 

580 


2 

V53 


100b 


1326 

1 U 8 


859 

1079 


*°8.. footnot. 1, pag. 10. 



C/M Ratio 0.1T7 


0—Pb —OH 


0 — Pb«— OH 


9 *ct Mi»y l 2 Kg Wh 

Bursou of Minos Apparatus, cm 1 kg vt 
Sample Wt 20 mg 
s Hcm>*ny Arsenal Apparatus, in. 

Sample Wt, mg 


Melocefter Weight: (Pb^C^H^NgOg) 

6^6 

Osygee Beleece: 


CO; % 

-20 

co% 

- 5 

| Do—My: gm/cc 

I MeSNeg M*. *C 

213 


WHwwfW ff jq 

nS 


Steel Shoe 

Fiber Shoe 

title Met begad Ted: Trials 


% 


Explosions 


Partial* 


Burned 


Unaffected 


Missies Tfpesetwe: *C 


Seconds, 0.1 (no cop used) 


1 


5 Explodes 295 


10 


15 


20 


7J‘C l«—WuulHM Tub 


% Lon in 48 Hr* 


140*C Mu* Tu*s 


% Leu. 1st 48 Hr* 

O.h 

% Leu. 2nd 48 Hr* 

0.0 

Explosion in 100 Hr* 

None 


cc/40 Mrs, at 
90*0 


Hyir w cMlt Hy; % 


Send Test: 


er fuse 

15 


Minimum Dttonating Chorge, gm 
Mercury Fulminate 
Uod AikJt 
Tetryl 


MM Metier, % TNT: 


Treed Test, % TNT: 


Method 
Condition 
Confined 
Density, gm/cc 
Brisance, % TNT 


Confinement 

Condition 

Charge DiometC'. in 
Density, gm/cc 
Rote, meters/second 


190 
























L—d It, 6-Dlnl troranorclnol Bailc 
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AMCP 706-177 


,6-Plnltroreaorclnol Basic (UKR Basic) 


Preparation! 



(a) 0 m hundred grams of pure resorcin Is fused in a porcelain casserole and inediately 

poured on a glass plate. After cooling, the cake Is ground in c mortar to pass a U. S. Stan* 
dard BO* 6 mesh screen. Four hundred grams of 96 percent nitric add in a one pint capacity 
Denar Jar is stirred mechanically while carbon dioxide enow le added in email pieces. When 
the tesvarature fhlls to -20°C, io grams of the granulated resorcin ie added in small quanti¬ 
ties. Simultaneous addition of solid carbon dioxide as required prevents a rise of taqpera- 
tuie of more than 5 degrees throughout the entire experiment. Five minutes after the last 
portion of zesorctn is Introduced, the mixture le further cooled to minus 50°C, and finally 
drowned with vigorous stirring In fl /e times Its volume of cracked ice, in water. This mix¬ 
ture ie allowed to stand for one hour and the product then filtered, washed, and partially 
dried, weight 43*6 grams. The crude ^,6-EfcR is purified by first dissolving the product in 
an aqueous 5 percent sodium hydrox de solution (17*^ grams of sodium hydroxide in JhO cc of 
water). The resulting solution ir then neutralised by gradually adding it to a boiling solu¬ 
tion of 21.1* grams of 96 percent julphurlc add in 150 cc of water. The resulting precipitate 
of is filtered hot on a suction filter end air-dried. Yield; 27*5 grama (37*8 percent 

of the theoretical). 

(b) Five hundredths (0.05) mole (18.96 grams) of lead acetate le dissolved in 67 cc of 
warm water, into which is gradually stirred 0.10 mole (4.0 grams) of sodium hydroxide dis¬ 
solved in 67 cc of water. Stirring ie continued for five mini tee. After settling, the white 
lead hydroxide ie washed by decantation three times with 100 cc portions of distilled water, 
and used innediately for tha next operation. 

(c) A 0.0278 sole (5*56 grams) quantity of the 4,6-EETR prepared under (a) above, le dis¬ 
persed in 270 cc of water by vigorously beating with a motor stirrer. After heating this 
dispersion to 90°C, the 0.05 mole of lead hydroxide prepared above in slurry form is intro¬ 
duced in snail portions. Agitation is continued for three hours at 90°C. The basic lead 
4,6-IRR is washed ouce by decantation, and again on the filter with alcohol. After drying 
overnight in a desiccator charged with calcium chloride, the product weighs 15.6 grams. 

Origin: 

Both the 2 ,and i*,6-dlnltroresorcln were dt scribed in some detail by Weselsky, Benedlkt 
and Huol in 1882 (M II, 323)* T^pke prepared the l*,6-dinitiore*>orcin In 1883 by hydrolyzing 
the nitration product of resorcin diacetate (Ber 16, 551)* A '.tore direct and economical 
method of preparation suitable for production scale manufacture was developed during World 
War II by the British (Ministry of Supply Pouch Item V-154-21S, "Mruufacture of 4,6-Dinitro- 
resorcln and Lead 1*,6-Llnitroresorcinate"). Ibis procedure consisted of preparing h,6- 
dlnltroresordnol by direct nitration of granulated resorcin and allowing the product in slurry 
to react with an excess of lead hydroxide at 90°C. This basic silt can be prepared in two 
forms: (1) a micro-crystalline, yellow, low-density fora and (2) a denser, brick-red fora. 
Both products have the same chemical composition and the same sensitivity to impact (PATH 
11*1*8, September 191*1*). 


AMCP 706-177 


C/H Ratio 0.320 1 


Raped fsaeftMty, 2 Kg Wt: 


Bureou of Mints Apporotus, cm 

17 

SompJ* Wt 20 mg 


Picotinny Arsenol Apporotus, in. 3 

l; (8 oz vt) 8 

Sample Wt, mg 

22 


M*l»t«far Waitkt: (pbCgH^O^) 

k6d 

Oiyttt Relcace: 


CO, % 

-19 

CO % 

2 

Beatify: gm/cc Cry etal 

3.02 

Melting Nat: # C Explodes 

260-310 

rlVIIM| rVMR L 

laiKai Petal: *C 


M wc t h n IkAx, n 


Sim snot 

FOMrShet 


Jin, 

Expto&iofa 

Partial* 

Burred 

I In nK«rl« rl 

unoTTvcrva 


Seconds, 0.1 (no cop mod) 

5 Explode* 262 

10 276 

15 272 

2C 267 


75 X I rtiitrtlml Hoot Ted: 
% Lots in 46 Hr* 


1B0X Neat Toth 

% Lots, 1st 46 Hr* 
% Lott, 2nd 48 Hr; 
Explot>on in 100 Hr* 


Tlonnbltlfy ItAis 


Hypm eceplrt ty: % 25°C, 100% RH 


Detonates 

Detonates 


at- 

W MViM W1PRTJ V Vela 


cc/40 Mrs, at 


90°C 


100-C 

0.4 

*20*C 

0.3 

135*C 


150*C 





11 IMIVWIa 

Minimum Detonating Charge, gm 
Mercury Fulminate 

Lead Azide 

* <.oSnSn. alternative 

r* aca» 

Traced 

•aWetk Matter, * TNT: 

Trees! Teel, % TNT: (a) 

Lo 

Plate Beet Teefc 


Method 


Condition 


Confined 


Density, gm/cc 


Brisonce, % TNT 



Ba t aaa H oa Rate: 

Confinement 
Condition 
Chorg* Diu^efer 
Density, gm/cc 
Rote, meters/second 


2.9 

5200 




























Lead Styphnate 


AMCP 706-177 



Dissolve l4.h gm lead nitrate and 1 cc of 364 acetic In 320 cc distilled eater. Hi- 
solve 4 ga 2 ,fc, 6 -trinitroresorcinol and 1.73 gm sodiun carbonate In 00 cc distilled eater. 

Add the lw*d acetate solution to the trlnltroresorclnol solution, under agitation, keeping 
the temperature at 70°-75°C and continue stirring for 3 hours at this tesperature. Cool to 
20°C in 5 hours. Evaporate the solution to l /3 Its volume, cool, filter and wash the product 
veil vith eater (to neutrality). 


Sensitivity to Static Discharge, Joules: (b) 0.0009 
Loss in Weigh: at 10$°C: 4 

3 hours 0.02 
6 hours O .23 
9 hours 0.23 

Effect of Storage for 2 Months at 3o°C, on: 

Explosion jtesperature Test Value Hll 
Sand Test Value Nil 
Sensitivity to Initiation Nil 


Solubility, im/100 am (i) in: 
Glycol Diacetate 

!£ t 

20-25 0.1 


Origin; 

First described in 19lU by von Hurtz and found to be a relatively poor initiator by Wall- 
baun in comparison to other primary explosives. (Z ges Schless Sprengstoffv jjf, 126, 161 , 197 
(1939)) • Molsak shoved that lead styphnate could be used as an insulating (cover) material 
for leaf azide providing protection from mechanical and chemical Influences and, at the 
time, increasing the detonating ability of the total charge (Transactions of Butlerov Inst 
Chem Tech Kasen (Russia) 2, 8l-5 ( 1935 ). 


195 








Dead etypbnate la decoopoaed by dlaaolring It In at least kO tinea Its weight of 200 eodltaa 
hydros: la or 100 tinea lta weight of 200. aanool’jn acetate and adding a solution of aodlua 
dlchnaAte, aqua?, to half the weight of etypbrvite and 10 parta of water. 

Refera n oa a ; 4 * 

(a) Report AC-936/0rg Ex Jk. 

(b) P. W. Brown, D. H. Duller and F* C. Oibaon, Sensitivity of Exploalvee to Initiation by 
Electrostatic Dischargee, U. S. Dept of Int, Bureau olHHinea, RI 3#!>2, 19^6* 

(c) C. bench!tz, Ice QalorlnetcrDetermination or Enthalpy and Specific Beat of Klarat* 

OrganoBBtall lc c^douSE, BATH ho. ^224, " 

(d) Also aee the following Plcatlnny Areenal Technical Heporta on Lead Styphnata: 

o i 2 * k 6 i a £ 

lb50 11 1352 453 2l6b 1316 U07 3lB 2179 

2220 2032 2093 1737 

2077 


41 See footnote 1, page 10, 
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Manni tol Heaanitrite (Nltroaannlte 


Mf ic i liHu T—^ 

90 mu Nit M71 PnjicHli, Lot WC-tl: 

Dimity, gm/cc 
Chorgo Wt, tb 

0 ^ rV^^VVVwTl* 

For TNT 
For Subject HE 

1 (act HI, M42A1 F—joctHa^ U» KC4: 

Dimity, gm/cc 
Chorgt Wt, K> 

T«Nl Ik tf 

For TNT 
For Subject HE 


Fiognot Vtltdry: ft/sec 


Wa 

Peok Pmiura 

Impube 

Enwgy 


SlMgrf Ow f i Mbc l Ntw, TNT = 100: 

'Km Conn Stmt Com 

Hofc Voturrtt 
HokDoptH 


Color: 


m i. >^^1 

rnKVii 


F Ueea: Secondary charge In detonator* 
ref i), and In blasting cape designed to 
be initiated by a fuae (ref j) 


Metfced iff 


Preeeed 


laadtag Dmffy: gm/cc 


At 9 ft 

At 25* ft 



Dimity, gm/cc 

Method 

Ety 

'Heat (lataNm to TNT): 

Hozord Ckm (Qoorvl ity-Distonce) 

daee 9 

A hi 

Compotibility Group 

- 

Peok Pressure 

impube 

Exudation 

None 

En^yy 

», CmIM: 



65.5°C K1 Test: 


Impube 

Minutes 

6 


Heat of: 

Combuetion 

Exploeio . _ 

Formation, cal/cm 337 


on, cal/gm 1515 152‘j 

cal/gm 1390 1^54 l46b 1520 


(e, f, g) 

1523 

>4 i46b 
3^5 366 


Paok Pasture 
Impube 















Mannitol Hexanltrato (Nltrgmannne) 


AMCP70M77 


soiubint 


a. Insoluble in water. _ 

b. Slightly soluble in cold alcohol (2.9 gm at 13°C). 

c. Slightly soluble In ether (4 gm at 9°C). 

d. Very soluble in hot alcohol. 

Preparation: (Laboratory Method) (k) 

a. Cool to below 0°C, 50 gm of 98$-100$ nitric acid placed in a 300 milliliter Erlenmeyer 
Pyrex flask provided with a thermometer and imnersed in an ice-salt mixture. 

b. Introduce in nsU portions, 10 gm of d-mannitol, while swirling the flask to break up 
any limps of mannite which might form. Keep the temperature below 0°C. 

c. After solution is complete, add 100 gm of concentrated sulfuric add from a dropping 
funnel, swirling the flask in an ice-salt mixture to keep the temperature below 0°C. 

d. Filter the resulting porridge-like slurry through a filter paper previoualy hardened 
by tre a tment with mixed add. 

e. Rinse the precipitate directly on the filter with water followed by dilute aqueous 
sodium carbonate and finally with water. (The resulting crude mannitol hexsnitrate gives 
lb.2$ H as determined by the nitrometer.) 

f. Dissolve the crude mannitol hexanitrate in boiling alcohol and filter through a water- 
keeled funnel. 

g. Bring th« filtrate to boiling and gradually add hot water until the appearance of the 
first turbidity. 

h. Cool in an ice-salt bath, separate and dry the crystals. (Yield should be about 23 
gm of material, smiting .ut H2°-113°C and having 18 . 58 $ N, the nitrogen being determined by 
t!.i nitrometer. Theoretical yield would be 2U.6 gm.) 


Mannitol hexani trate was discovered in l9Vr by Ascanio Sobrero who recommended it as a sub¬ 
stitute for mercury fulminate in percussion caps (Coup rend . iftVr. 121). It is the hexani trie 
ester of d-rmzmltol which is widely distributed '^ nature, particularly in ih? olant Fraxinua 
oraus. H. Sokoloff, a Russian chemist , investigated f.he explosive properties of Hh ?nd recom¬ 
mended in 1878 a method of prer^ a dan. Mannitol hexani trate was thoroughly studied by Tjerthe- 
lot, Sarran and Vieille. lunonte, Menard, Strecker, Ticbanowich (Fh. Raoum, Nitroglycerin and 
Nitroglycerin ExpV^ives , Baltimore, 1928, pp. 156 , 2^7-250), and particularly by J. H. Wigoer 
(Ber 36, 79* (1903)). fere recent data have been reviewed by Guastalla and Rscciu ("Modem 
Explores, n Industria Chi mica 8, 1093-1102 (1933))* 

References: 42 

(a) G. C. Hale, Abstract of Available Information on the Preparation and Explosive Proper¬ 
ties of Hexanitrooannlte, PA Special Report No.' 238, 30 July 1925* 


^2See footnote 1, page IC. 




















He 70.6 

C/H Ratio 


o —H — C 


0 — H— C 


ipect tuilNiiy, 2 Kg Wt: 

Bureau of Mines Apparatus, <m 5; (1 kg vt) 35 
Somplc Wt 20 mg 

Ptcattnny Arm wl Apparatus, in. 2; (l lb vt) U 
Sample Wt, mg 30 


Fulminate 

AMCP 706-177 


Miliwhi WeJffc*! (HgCjHgC^) 885 

0 *nm Bdim 

CO,% 

co% 

r: 

-17 

**.5 

PeeeHy: gm/cc 

Crystal L.L 3 


'v» Deco^oses 

1 

•c 

— 

C 


S*eel Shoe 
Fiber Shot 


Explodes 

Explodes 


liqplosiora 

Porttofc 

Burned 

( I- MM - * 

UnOTTSCTSO 


Ymms SleSflfty Ted s 

cc/40 Hrs, of 
90*C 
100*C 
120*C 
135*C 
150*C 


Explodes 


Seconds, 0.1 (no cop used) 

263 

1 

239 

v: V Explodes 

210 

iW 

199 

15 

19>» 

20 

190 

7**C Idwdliiil Hmt Imh 


% Lou In 48 Ha 

0.18 

190‘C Hast Ted: Exploded In l6 hours 

% Lou, 1st 43 Hrs 


% Lou, 2nd 48 Hrs 


Explosion in 100 Hrs 



% 30°C, 90% RH 


Minimum Detonating Charge, gm 
Mercury Fulminate 
Leod Azide 
Tetryl 


BelBdtc Matter, % TNT: 


Treed Test, % TNT: (s) 


Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TIMT 


DeteeeHee Rate: 




Confinement 




Condition 


Pressed 

Charge Diameter, In. 
Density, gm/cc 

2.0 

3.0 

h.O 

Rate, meters/**cond 

3500 

4250 

5000 
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Mercury Fulminate 


htfnMMiiaT«h 

90 mm HI, M71 Freje cH It, Ut WC-91: 

Density, gm/cc 
ChorgeWt, lb 

• ww 

For TNT 
For Subtact HE 

3 Mi HI, M42A1 Fre f icHU , Ut ltC-3: 
Density, gm/cc 
Charge Wt, lb 

Teft No. el FiegwsH: 

For TNT 
Fo< Subject HE 


Fiegut V e bdb : ft/sec 
At 9 ft 
At 2SI& ft 

Density, gm/cc 


Meet (Meffee le TNT): 
AJr 

Peak Pressure 
Impulse 

Air, CesMt 
Impulse 

(Mer Water: 

Peak Pressure 

Impulse 

Enwgy 


Peak Pressure 

Impulse 

Energy 


OtlMiTTOMIIt 1 1 •* 

190: 

Gloss Cones Steel Cones 

Hole Volume 

Hole Depth 


Celer White 

to gray 

hWH User: Detonators and ingredient of 

priming compositions 

Mitfm* «# Uedtog: P®i * 10 5 


3 5 10 12 

15 20 


_3J2_V.00 

LesAeg Panfry? gm/cc 

Method 

Wet 

Haxord Class (Quontity-Distonce) 

Cleee 9 

Compatibility Group 

Group M (vet) 

Exudation 

Hone 

Stab Senaitivity: 

. 

I Density Firing Point (inch-ounces) 

gm/cc_ 0$ 22? 

100* 

3-91 3.8 fc-3 

5-5 

4.26 1.6 2.6 

5.5 

1 *. 3 a 1.6 2.6 

£.0 

1*.50 1.6 2.5 

Actlvetlou Energy: 

4.0 

kcal/a u 

29.81 

Induction Period, sec 

0.5-10 

Heat of: 


Combustion, cal/gm 
Explosion, cal/gm 

Gas Volume, cc/gm 
Formation, cal/gm 

21 ? 

M 

3pecific Heat: cal/gm/°C 

l.i 

Vermel Conductivity: 


cal/aec/cm/°C 1 

* 10* 1 * 











Fulminate 


AMCP 706477 


Initiati 




ulred to Give Conplete Initiation of; 
Fulminate, gm 


THT 

0.£5 

Ibtryl 

0.2C 

RISC 

0.19 

PETS! 

0.17 


atiblllty vlth Metals: 

Ifcy: Reacta rapidly vlth aluminum and magnesium. Reacts slowly vlth copper, zinc, braes 
Iron and steel are not affected* 


Vet: Reacts ianediately vlth aluminum and magnesium. Reacts rapidly vlth copper, zinc, 
brass and bronze* Iron and steel are not affected. 

Sensitivity to Static Discharge, Joules: (b) 0.025 

50°C (Erv) on the Purity of Mercury Fulminate 




0 

99-75 

99.77 

99.79 

99.79 

98.86 


k 






98. 

6 

*?.3& 

99.45 

99.54 

99.47 

95-95 

98. 

8 






97. 

9 





94.95 


LO 






94. 

1 2 

98.74 

99.56 

97-49 

99.06 

90.65 


i * 

98.26 



98.79 



ik 

98.22 






L5 

97.52 

99.30 

99.30 

98.19 

83.76 


L 6 

97.00 


99.01 

97.75 



L7 

95.70 

98.66 


96.69 



l8 

94.81 

98.58 

96.46 

95-90 

79-99 



Mercuric fulminate readily decomposes in the presence of aqueous solutions, chloiIdes, car 
bonate and many other materials. Cue to the presence of small amounts of mercury, farmed by 
exposure to light or elevated temperatures, It readily forms amalgams vlth copper, brass and 
bronze, thus components containing these metals must be protectively coated If used vlth ful¬ 
minate. 


Solublll 


Grams of Mercury Fulminate In 100 Grams of Water 


OH 


T 











w 
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(Chemistry of f&wMr s ad BffiXo glvgi / Davis) 

CH 3 -CH 2 -0H —> CH 3 -*CH0-4 CHg—CHO ^ |H- 


— CH 

I 

*—OH 


i 2 

C-COOH 


CH-COOH 

II 

N —OH 


Hg(0»C) 3 


Tire gm msrcury le dissolved in 25 cc 6t nitric acid (sp gr 1.42) without Agitation, and 
this solution poured into 50 cc of 900 ethyl alcohol, resulting in a vigorous reaction, 
attended by evolution of white fines and subsequent appearance of ful rt nate crystals. Red 
fbass then appear as precipitation of the product accelerates, and then white times "data are 
evolved as the reaction modarates. after about 20 minutes the reaction is over; water is 
added, and the crystals are repeatedly washed, by decantation, with water to ree o v s all acidi¬ 
ty. The product la purified, rendered white, by solution In strong aononlum hydroxide, fol¬ 
lowed by repreelpltatlon with 30 $ acetic acid. 

Origin: 

Mercury fulminate waa first p r ep a red by John K. von Lovenstem (1630-1703) and in 1000 its 
preparation and properties were first described in detail by Edward Howard In a paper presented 
to the Royal Society of London ( Phil Trans, 204 (1800). It waa 1867 before the confound waa 
used as an initiating agent, when AlfreOobel invented the blasting cap and used mercury ful¬ 
minate to detonate nitroglycerin (British Patent 1345 ( 1867 )). 


Destruction by Chemical Deco 


osltlon: 


Mercury fulminate la decoqpoeed by adding it, while stirring, to at least 10 times its 
weight of 20$ sodium thiosulfate. Some poisonous cyanogen gas may be evolved. 

References : 43 

(a) Fh. Naoum - Z ges SchieiJ-SprenpatoffV (Munich), pp. 101, 229, 267 (27 June 1932)- 

(b) P. W. Brown, D. H. KUsler, and F. C. Gibson, Sensitivity of Explosive to Initiation 

Electrostatic Discharges, U. S. Dept of Int, Bureau of Mines, RX 3852, 1^46. — 


See footnote 1, page 10. 
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Mercury Fulminate 


AMCP706-W 


(c) Also sm the following Pica tinny Arsenal Technical Report* on Mercury Fulminate: 


0 


2 

1 

4 

850 

301 

132 

23 

144 

1*80 

391 

452 

203 

294 

510 

56l 

522 

393 

534 

550 

1651 

582 

*33 

624 

610 


782 

833 

694 

660 


882 

U83 

784 

7«50 


932 

1393 

874 

1220 


1192 

2093 

1104 

1450 


1352 




1375 

1722 

3032 


I 

6 

I 

8 

1 

65 

266 

277 

28 

199 

105 

366 

297 

78 

609 

255 

556 

407 

278 

7*9 

265 

566 

537 

318 

8*9 

365 

866 

567 

788 

999 

415 

986 

637 

1830 

1079 

425 

1316 

857 


1389 

1325 

1365 

1486 

1556 

2146 

1737 


2179 



i 

f 


Arms 


AMCP 706-177 Metriol Trlnltnte (tfgQ Liquid (or Triac+hylol«th>n« I»lnitr«tr 

























Metrloi Trial trmt€ Liquid AMCP 706-177 




r 


AMCP 706-177 


Metriol TTinit^te tMTN) LI Quid 


Metriol ( trinethylolmethylmethar.e) la obtained by the following procedure, baaed on work 
by Hoaaeus (Annalen 2j6 , 76 (1893): 

Into a 5 liter round bottom flask in weighed 2700 gms of water. To thin are added 267 gma 
of 36$ formaldehyde and 60 gas of proplonsldehyde. The nature la stirred for a few aecooda. 
To the mixture la added 130 gms of calcium oxide previously slaked with 6CO gma of water. 

The mixture la heeted in boiling water for four hours, and then allowed to cool spontaneously 
overnight. After filtering off the Insoluble calcium hydroxide, the solution is heated and 
treated with a saturated aqueous solution of oxalic acid to precipitate all the calcium. The 
precipitated calcium oxalate is filtered off, and the pale-yellow filtrate concentrated as 
ouch aa possible on the steam bath to a thick lemon-yellow syrup. After dissolving in abso¬ 
lute alcohol, the solution is filtered and concentrated in the steam bath to about twice the 
volrjBt of the concentrated syrup, The solution is then chilled in a cold box to hasten cry¬ 
stallization. After allowing it to warm up to Just above 0°C, the mixture la filtered. The 
resulting product la not sufficiently pure and is recryatallized from absolute alcohol. The 
malting point of the product (1*0.3 gm) is then about 19o°C (Noeaeus gives 199°C). 

Metriol la nitrated by carefully mixing it with 3.5 parte of 65/35 HNO^/H^SO^ maintained 
at 20°C, stirring for jO minutes, cooling to 5°C, and pouring the reaction mixture on ice. It 
is extracted with ether, water-washed, and adjusted to pH 7 by shaking with 1 sodium bicar¬ 
bonate solution and again water-washed three times. It is then dried with calcium chloride, 
filtered, and freed of ether by bubbling with dry air until minimal rate of loss In weight la 
attained. TLc yield is 68 $ of the theoretical. The product has a nitrate-nitrogen content 
of 16 . 35 $ (calc listed: 16.1*7$). its refractive index at 25°C is 1.1*752. 

Origin: 

MW, according to Italian sources, was first prepared and patented by Bombrinl-Parodi- 
Delflno Company of Italy unu?r the name "metrlolo." A German Patent of 1927 also describes 
the preparation and gives acme properties. This compound was known in Trance before World 
War II under the name of "Nitropentaglycerin" and Bur lot and Thomas determined its beat of 
combustion (Ref b). 

References: ** 

(a) A. H. Blstt, Compilation of Data on Organic Explosives. OSRD hrv^rt No. 201U. 

29 February 19 W. 

(b) E. Burlot and M. Thomas, Mem poudr 29, 262 (1939). 

(c) Also cee the following Picatinny Arsenal Technical Reports on Metriol Trinitrate: 

I 616 and 1817 . 


Sec footnote 1, page 10. 
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Mlnol -2 


AMCP 706-177 


Composition: 

% 

Anmoniuwt Nitrate i*0 

1ST to 

Aluminum 20 

C/H Rotio 


Impact StaaMy, 2 Kg Wt: 

Burtou of Mints Apparatus, cm 

35 

Sompfe Wt 20 mg 

Picotinny Arstnol Apporotus, in. 

13 

Sompit Wt, mg 

17 


rUPH rWMMi I WI 

Steel Shot 
fcbtr Shot 


Malaceftar Weight: 

71 

Oxyfta Boknco: 


CO* % 

-38 

co% 

-20 

Density: gm/cc 

1.62-1.68 

MtMag Paint* *C 

E reeling Paint: °C 


MNof Pelnt: ®C 


I tf u d hrc laitx, n° 


WBt BeOat Impact 

Explosions 

PortioH 

Burned 

unoTTtcrao 

Tmls 

% 

Esplecian Temperatare: 

C 

Seconds, 0.1 (no cop used) 

■ 

S Ignites 

435 

10 


15 


2C 


7S*C Intamntienel Heat Tact: 

% Loss in 40 Hrs 


100*C (lent Test: 


% Lon. 1st 48 Hr* 


% Loss, 2nd 48 Hrs 


Explosion in 100 Hrs 


NwnnwMiity 

100 



Vacaarn Stability Test: 


CC/40 Hrs, ot 


90 B C 


100*C 


120*C 

2.1 

135*C 


150*C 



200 Orem Berth Seed Ta* 

Sond, gm 


•minfiy w ■■mvnvii 

Minimum Datonoting Chorge, gm 
Mercury Fulminate 
Leod Azide 
Tttryl 


BaftfiaHc Mortar, % TNT: ( a ) 


Volatility: 


Traasl Teet, % TNT: 

(b) 

165 

Hat* Dm* Tm»: 

(c) 


Method 


B 

Condition 


Preoted 

Confined 


No 

Density, gm/cc 


1.73 

Brisonce, % TNT 


66 

Petenetlea Bate: 

(d) 


Confinement 


i7one 

Condition 


Cast 

Charge Diameter, in. 


L*6 

Density, gm/cc 


1.68 

r e, meters/second 


5820 
































AMCP 706-177 


Mlnol »2 


Bo eder $m TmT: 

Condition 

Tttryl, gm 

Wax, in. fa 9 50% Detowition 


Wox 

identity, gm/cc 


Hee?efc 

Combustion, cal/gm 
Explosion, ral/gm 
Gas Volums, cc/gm 
Formation, coi/gm 
Fusion, col/g 

Specie tfeet: «it/pn\' C 
At -A* 

Den?tty ; sm/cc 


Owi n g Rate: 

cm/sac 


* *■-« Cm ~ *-«*--- 

IMVMW 

eol/*#e/cm/*C 
Penalty, Wee _ 

CiiWriwt of Ixpeesiee: 

Lineor, %/*C 


(«> 


O ecempesIMoe Mmms: 


Pressed 

100 

1.U6 


Oxygen, otoms/sec 
(Z/sec) 

Heot, kilocalorie/mote 
UH, kcol/mol) 
Temperature Ronge, *C 


1.7* 


(f L 

3160 

1620 


Phase 

Aimer Plate Impa ct Ted: 

40 mm Meter Projectile: 

50% Inert, Velocity, ft/sec 


Aluminum Fineness 


(f) 

828 


0.30 

1.71* 


>} 

16.5 * 

_klL 


10 


H04 Canml fw>m Iwh i 

Plote Thickness, inches 
1 

I ‘4 
1*4 


iamb Drop Test: 

T7, 2000-% Is e l ArmerPie r yi eg Bomb vs C se s r d s: 

*iX Safe Drop, ft 

500-b Purpose O em b vs Ceecrete: 


Volume, %/*C 


E', dynes/cm 51 
E, lb/inch 3 
Density, gm/cc 


Compressive Strength: lb/inch 2 (b) 
Density, gm/cc 

Vopor Pressure: 

'C mm Mercury 


(b) 


10 


5-03 x 10 
0.73 x 10 6 


1.66 


1910-2070 

1.68 


Heigh*, ft 
T riols 
Unoffectcd 
Low Order 
High Order 

1000-% General Purpose Bomb r j Ceecrete; 

Height, ft 
Trials 
Unaffected 
Low Order 
High Order 












Mlnol-2 


AMCP 706-177 


Tdlt 

•0 mi Hi, M71 f f MMt , t 

Density, Qm/cc 
Charge Wt, lb 

Ttt«J Mo. M Fri j ia—Is: 

For TNT 
For Subject HE 


3MNI, M42A1 

Density, gm/cc 
Chorgt 'Vt, lb 


*e*ocHfte, Ut KC-5i 


Total No. of fn|w»H : 

For TNT 
For Subject HE 


I nput V ol t ci t y : ft/sec 
At 9 ft 
At25**ft 

Density, gm/cc 


Bit* (leleltve H TNT): 


SMH Cbotgo H f ocH oo smt, TNT = »30j 
G loss Coots Stool Coots 

Hole Volumo 
Hole Depth 


Color; 

Gray 

friaclgd lists: Bomba and depth 

charges 


Cast 

Ua4h>f P easily: gm/cc 1.62-1.68 

Storage: 


Method 

Dry 

Hazard Class (Quantity-Distance) 

Class 9 

Compatibility Group 

Group I 

Exudation 



Minol is a castable mixture consisting of 
1*0 percent UTT, 1*0 percent amnonlum nitrate, 
and 20 percent powdered aluminum and there¬ 
fore can be prepared by adding the dry in¬ 
gredients to molten TNT at 90 3 C under agita¬ 
tion. Minol also can be prepared by adding 
25 parts of aluminum to 100 parts of 50/50 
amatol previously prepared. 














;MCP/0£J77 


Mlnol-2 



Origin: 

Mlnola are British ternary explosives developed during World War II. There are three for¬ 
mulations: 


Composition, £: 

Minol-1 

Mlnol-2 

Minol-3 

BIT 

*6 

kO 

h2 

Aenonium Nitrate 

*2 

hO 

38 

Aluminum 

10 

20 

20 


References: 

(a) L. C. Smith and E. G. Jester, Ph ysical Tasting of Explosives. Vmrt \H - Miscellaneous 

Sensitivity Tests; Performance Tests, OSRD Report No. 5^, 2? Decenter f, 

(b) Philip C. Keenan and Dorothy Pipes, Thble of Military High Explosives , Second Revision, 
IfcVORD Report No. 87-1*6, 26 July 19**6. 

(c) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, H August 19**2. 

(d) G. H. Messerly, The Rate of Detonation of Various Explosive Compounds , OSRD Report No. 
1219, 22 Psbruary 1943- 

M. D. Hurvitz, The Mete of Detonation of Various Compounds and Mixtures , OSRD Report 
No. 5611, 15 January 19*57^ 

(e) L. C. Smith and S. F Wilton, A Coarflderation of RXac/Whx Mixtures as a Substitute for 
Tetryl In Boosters , NOL Memo 10,303, l5 June 

(f) Coenlttee of Dlv 2 and 8, NDRC, Report on HEX and Tritonal, OSRD No. 5*06, 31 July 19*5* 

fg) V. R. Tomlinson, Jr., Blast Effects of Bomb Explosives , PA Technical Dlv Lecture, 

9 April 1948. 

(h) Also see the following Pi cat! any Arsenal Technical Reports on Mlnol-2: 1583 and 1633* 


45 S*e footnote i, page 10. 
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AMCP 706-177 


% 

Oxidizing agent (Atsnonium 


Perchlorate) 

35.0 

Aluminum, a tend zed 

26.2 

Cupric Oxide 

---• 

Magnesium, atomized 

26.2 

Other ingredient (Tetryl) 

9.7 

Calcium Stearate 

1.9 

Graphite, artificial 

1.0 

C/H Rotio 


Impact SondtMty, 2 K$ Wt: 


Burtou of Mines Apporotus, cm 

-- 

Somple Wt 20 mg 

Pkotirmy Arsenal Apparatus, in. 

13 

Somple Wt, mg 

22 

vmMIM IBR» 


StMl St-O* 

Detonates 

Fiber Sho* 

Unaffected 

Rifle Ballot impact Tost: Trials 


% 


Explosions 

Partials 

Burned 

Unaffected 


Ksploslon Tompofotofo: *C 


Seconds, 0.1 (nj cop used) — 


1 — 

5 285 


10 


15 


20 


7S*C Intoraotleool Ho# T«fj 


% Loss in 48 Hr* 

Discoloration, fuiaes, odor 

None 

100'C Hoot Tost: 


% Loss, 1st 48 Hrs 

0.10 

% Loss, 2nd 48 Hrs 

0.01 

Explosion in 100 Hrs 

None 

Flammability Index: 

Hygroscopic by; % 

VeMIft/: 


fvsvtviiiii vfoipm* 

40.6 

^h^ftos fclsscti 


CO, % 

•kk 

CO % 

-37 


Deoslty: gm/cc Pressed 


Matting Point: °C 


Freezing Point: ‘C 


Boiling Point: °C 


li f nctit o Index, n» 


Vocnvni Stability To#: 

CC/40 Hrs, ot 
90*C 

100*C 

120"C 

135*C 

150*C 


200 Grom Bomb Send Teat: 

Sand, gm 


f onstflnlii, Gm fenltlmftlotAo 

JiBWIWfjr If HmUflWo 

Minimum Detonating Charge, gm 
Mercury Fulminoto 
Load Azide 
Totryl 


Ballistic Mortar, % TNT: 


Troosi Tost, % TNT: 


Plato Dent Tost: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisance, % TNT 


D otono t ion Roto: 

Confinement 

Condition 

CHorge Diameter, in. 
Density, gm/cc 
Rote, meterv'second 

























AMCP 706-177 


MOX-1 


fO mi HI* M71 hftitctife. Lot WC-tl 

Density, gm/cc 
Charge Wt, lb 

TiNl N«. tf F f | w « N : 

For TNT 
For Subject HE 

3 lack ME, M42A1 Pveitctils. Ut KC-5: 

Density, gm/cc 
Charge Wt, lb 

Total No. ef Fr oy onto : 

For TNT 
For Subject HE 


Fffn ot VoMtf: ft/sec 
At 9 ft 
At 25H ft 

Density, gm/cc 


IIm> (Nmft to TNT): 
Air: 

Ptok Pressure 

Impulse 

Entrgy 


Air, Co«M: 
Impulse 


UNorWolor: 

Peak Pressure 

Imputso 

Enorgy 


UoAffiomd: 

Ptok Prossuro 

Imputso 

Enorpy 


Sh ape d Cboigo i f f o c tioioUt TNT = 100: 


Gloss Conti Stool Conts 

Hole Volume 
Holo Depth 


Cokrt Gray p^vder mixture 

Wid,il Dm: Snail caliber antiaircraft 

project!lea 



Pressed 

Uotfog OotsOy: gm/cc 


At 30,000 pel 

2-0 

StoM«a: 


Method 

Dry 

Hazard Class (Quantity-Distance) 

Class 9 

Compatibility Group 

Group I 

Bureau cf Explosives Classification Class A 1 

Exudation 


Heat of: 


Combustion, cal/^m 

4087 

Explosion, cal/gm 

2087 

Gas volume, cc/^td 

212 

Performance Tests: 


20 did T§li>El Projectile: 


HFOC Pressure Cube 

35 

APG Blast Cube 

1*0 


Activation Energy; 


12.5 
30C to 300 
1.78 x 10~ 4 


keel /mol 
Temp, °C 

Time to Ignition, seconds 












M0X-2B 


AMCP 706-177 


Cempesl Nee: 

% 

Oxidizing agent (Ammonium 
Perchlorate) 

35.0 

Aluminum, atomized 

52 A 

Cupric Oxide 

.... 

Ifegneeium, atomized 

—— 

Other ingredients* 

9.T 

Calcium Stearate 

1.9 

Graphite, artificial 

1.0 

5*8> RISC and 3.9p THT coatedpgi^jgjg^m 


ftct Snir^ty, 2 Kf Wfc 

Bureau of iV'rm Apparatus, cm 
Sample Wt 20 mg 
Picotinny Arsenol Apparatus, in. 
Somplt Wt, mg 


M eleceler V 


P— B y: gm/cc 




C 


■-lit— >-1— 


Mfudivt Inh« f 


Pressed 


Reietimm 

fVVeV^M rPHeiMI V Vm« 


Steel Shoe 

Unaffected 

fiber Shoe 

Unaffected 


Rim MM Imped Ted: 

Explosion 

Pdf'ids 


Unaffected 


Seconds, 0.1 (n^ cop used) 
1 
5 

10 

15 

20 


73‘C letemeHenel Heel Ted: 

% Loss in 48 Hr* 
Discoloration, fumes, odor 


100 A C Meet Ted: 


FlemmeMlBy Index: 


Hygres c opI c By: % 


Veceem SteMNty Ted: 

cc/40 Hrs, ot 

90 a C 


100*C 

0.21 

120°C 


135*C 


150°C 


200 Gram lemb Seed Ted: 


Sond, gm 

11.5 


CemeMehm ImlAimAtmm* 

HBdilfBy Iw VMWiMIt 

Minimum Detonating Chorge, gm 
Mercury Fulminofe 
Leod Axide 
Ttfryl 


BeWstk Metier, % TNT 


Tteesl Ted, % TNT: 


Plate Dent Ted: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNY 


Peteee t iee ante: 

Confinement 

Condition 

Chorge Diometer, in 
Density, gm/cc 
Rots, meters/secor*' 


VeletilOy: 


8 8 






























AMCP 706-177 


FiagwieSetir* Tnh 

90 mm Nl, M71 Prefect^ Ut WC-tl: 

Density, gm/cc 
Charge Wt, lb 

■ Of f Iw^^^Wfli 

For TNT 
For Sublet HE 

3 Mi HI, M42A1 P m) e cttta , Ut KC4: 
Density, gm/cc 
ChorgeWt, tb 

Tefel No. of Finu t i ! 

For TNT 
For Subject HE 


Frsgwiat Vtieefty: ft/sec 
At 9 ft 
At 23)4 ft 

Density, gm/cc 


Mbs! ( MON to TNT): 


to Bare Charge: 

EW* 

EV* 

Peak Pressure 

1.02 

1-34 

Impulse 

1.08 

1.41 

Eiwmy 

Density, gm/cc 


1.96 


Air,MM: 

Impulse 


Peok Pressure 1.09 1.44 

impulse 1.16 1.5? 

&»ty . 

Density, gm/cc 1.98 

Peek Pressure 

impulse 

Energy 

♦EV, equivalent weight as compared to TNT; 
Ev, equivalent volume as compared to TNT. 


SImH Charge Effectiveness, TNT = 100: 

Gloss Cones Steel Cones 

Hole Volume 
Hole Depth 


Celer 

Grey 

Umm HE filler for nail 
P'wjectllee 

caliber 

LUtUJ gl 1-^- 

Pressed 

teedieg Beatify; gm/cc 

2.0 

Storage: 


Method 

Dry 

Hozord Class (Quantity-Distance) 

CUss 9 

Compatibility Group 

Bureau of Explosives Class A 

Group X 

Exudation 

None 


Combustion, cal/gm 
Explosion, cal/gm 
Gas volume, cc/gm 

Performance Tests: 


NF0C Pressure Cube 
APG Blast Cube 

Avia tion Energy: 


keal/raol 7-6 
Temp, °C yo to 470 
Time to ignition, seconds 1.39 x 10’ 2 


♦♦Strong paper-base phenolic case. 












M0X-2B 


AMCP70M77 


Bffr.ct of Altitude, Charge Diameter and Decree of Confinement on Detonation Velocity* 

(Reference gy 



One-Inch Column 

Two-Inch 

Column 

Simulated Altitude, 

Confined Unconfined 

Confined 

bnconflned 

Feet 

m/s m/a 

m/s 

1 

m/s 

Ground 

i 

>*730 j 

j 

i 

30,000 

Charge would not 

**530(3) ! 

Charge vouldi 



i 

1*1*30 j 

not propa¬ 

| 60,000 

j prorogate detonation. 

gate detona-- 
tion. 

90,000 

i 

1*290 j 


Average 


1*1*95 


♦Confined charge in l/4” 

steel tube, AISI 1015 seamless, 

1” diameter 18 ” long, and 


2" diameter 7" l^ng. All ceans were determined from aeta of five values unless 
otherwise Indicated by ( ). A 26 gm tetryl booster was ussd to Initiate each chsrgs. 


Average Fragment Velocity at Various Altitudes* (g) 



| 


Si tails ted Altitude, Feet 


Explosive 

Charge Diameter, 

Ground 


60,000 , 



! Inches 

m/s 

j ■/• 

1 

ve 1 

_ - J 

M0X-2B, 

l i 

2012 

| ** 

** 

** 1 

1 

density, 
gm/cc 207 

2 

331- 

3351 ' 

321*7 

! 

*♦ 


♦Outside diameter 2.54”; inside diameter 2.04"; length 7". 
♦♦Charge would not propagate detonation. 



AMCP 706-177 


Oxidizing agent (Potassium Nitrate) 
Aluminum, atomized 
Cupric Cxide 
Magnesium, atomized 
Other ingredients* 

Culcium Stearate** 

Graphite, artificial** 

*29.1$ RDX, 0.9 i vax, and 2.0* TNT. 
**Per cent ad led. 


Impact Se esil lrlty, 2 Kg Wl: 

Bureau of Mines Apparatus, cm 
Somplt Wt 20 mg 

Picatinny Arsena 1 Apparatus, in. IT 

Somple Wt, mg 2k 


FHctise Feeds line Test: 



Steel Shoe 


Unaffected 

Fiber Shoe 


Unaffected 

Rifle Bullet Impact Test: Trials 


Explosions 

Portiols 

Burned 

Unoff acted 

% 


Iwplssloa Temperature: 

Seconds, 0.1 (no cop used) 

1 

5 

9 C 


540 


10 



15 



20 



75X lele metis eel Heat Test: 

% Loss in 48 Hrs 
Discoloration, fumes, 

odor 

None 

100*C Heat Test: 



% Loss, 1st 48 Hrs 


0.35 

% Loss, 2nd 48 Hrs 


0.13 

Explosion in 100 Hrs 


iione 

Flammability lades: 

Hygroscopic tty: % 

V.MItty: 


Molecular Weight: 

L 5.6 

Oxygee Balance: 


CO, % 

-52 

CO % 

-43 

Beatify: gm/cc Preased 

2.0 

MeMag Foiat: °C 

Freasiag Faiet: “C 

loilieg Feint! “C 

Refractive lades, n£ 


n£ 




Vacaam StabiBty Test: 


cc/40 Hrs, ot 


90 # C 


100*C 

0.57 

120X 


I35*C 


150*C 


200 Orem lamb Bead Test: 


Sord, gm 

33.2 

•-a , ^1 

aOOBmITNy VO 


Minimum Detonating Charge, gm 


Mercury Fulminate 

.... 

Lead Azide 

0.20 

Tetryl 

0.15 

BeMK~ Mortar, % TNT: 

Traaal Test, % TNT: 

Ftate Daat Test: 


Method 


Condition 


Confined 


Density, gm/cc 


Brisonce, % TMT 



Pofoe ot ioe Bate: 

Confinement 

Condition 

Charge Diameter, in. 
Density, gm/cc 
Rote, meteni/second 
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AMCP 706-177 


timriiltli-. 

Oxidizing agent (Barium Nitrate) Id 

Aluminum, atomized 30 

Cupric Oxide 

Magnesium, atomized 

Other 1^gradients* 32 

Calcium Stearate** 2.0 

Graphite, artificial** 1.0 

*29* 1* RDX, 0.95t WBX, and C.0< TNT. 

**Per cent added. 

Impact SeasitMty, 2 Kg Wt: 


Bureou of Mines Apparatus, cm 

78 

Sample Wt 20 mg 


Picotinny Arsenal Apparatus, in. 

18 

Somple Wt, mg 

26 

Fftertee Peedehm Test: 


StMl Shot 

Spark* 

Fiber Shoe 

Unaffected 

Rifle Relies Impact Test: Trials 


% 


Explosions 


Part io Is 


Bunted 


Unoffected 


SxpMem Tempcietare: *C 


Seconds, 0.1 (no ca* used) — 


1 — • 

5 610 


10 


15 


20 


75*C lnfmeHenel Heel Test: 


% 1 *. ?s »n 48 Ha 


Discoloration, funes, odor 

Noue 

100’C Meet Test: 


% Lou, tst 48 Ha 

0.22 

% Lou, 2nd 48 Ha 

0.12 

Explosion in 100 Ha 

None 

WemmeblRty >*4ex: 

Mygiesceplclty: % 

VeleHMy: 


Melec el»> 


Oiy|M ItioKti 

COa % 

CO % 


Pressed 


Pe etH y: g / 


Mekfe% Htei -C 


freest M: °C 


BefJtof Pe*-*: V C 


RiMvi Ia4n« n£ 


vcMm iWMpfy i^w« 

cc/40 Ha, ot 
90"C 
100 # C 
120 # C 
135"C 
150*C 


200 6pm BmI SmI Test: 

So nd, gm 


Sensitivity to lolHottoo: 

Minimum Detonating Charge, gm 
Mercury Fulminate 
Lead Azide 
Tetryl 


Bdltstk Merten % TNT: 


Plate Dent Teat: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 


Confinement 

Condition 

Charge Diameter, in 
Density, gm/cc 
Rote, metea/second 
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MCX-oB 


Competfttoai: 

% 

Oxidizing agent ---• 

Aluminum, atomized 1*9*2 

Cupric Oxide 19*7 

Magnesium, at.miieJ ---- 

O^ber ingredients* 29.6 

Calcium Stearate ---- 

Graphite, artificial 1.5 

*26.Y* REX coated, C.o-J wax. 

C/H Rotio 

Melecnler Weight: 1*3 

Oxyfm leleace: 

co ; % -so 

CO % -U2 

Density: gm/cc 

Melting Point: °C 

Freeling /oint: *C 

IwfOCt 2 K$ Wt: 

Bureau of Mines Apoarotus, cm 

Sample Wt 20 mg 

Picotinny Antral Apparatus, in. 19 

Sample Wt, mg 27 

Belling Paint: °C 

Refractive Index, n» 

n» 

ni 

Friction Pondatos Test: 

Steel Shoe Unaffected 

Fiber Shoe Unaffected 

Vacuum Stability Test: 

cc/40 Hrs, ot 

90°C - 

100X 0.43 

120X 

135°C 

150°C 

Rifle Ballet Impact Test: Tricls 

% 

Explosions 

Port iols 

Burned 

Unaffected 

200 Gram lamb Test: 

Send, gm 10.8 

IxpMee Tempc.eture: ’C 

Seconds, 0.1 (no cop used) - 

1 ... 

5 510 

10 

15 

20 

Sensitivity ta Initiation: 

Minimum Detonating Charge, gm 

Mercury Fu In loots .... 

Lead Azide 0.20 

Tetryl O.lo 

»«NMic Mwtar. % ' KT: 

Trenxl Test, % TNT: 

75‘C Internet!—el Meet Test: 

Loss in 48 Hrs 0.02/10 gm 

Discoloration, fumes, odor None 

riete Dent Test: 

Method 

Condition 

Confined 

Density, gm/cc 

Brisance, % TNT 

WC Meet Test: 

\ Loss, 1st 48 Hrs 0.00 

Loss, 2nd 48 Hrs O.Ou 

Explosion in 100 Hrs None 

Dot—eti— Rote: 

Confinement 

Condition 

Charge Dio'»eter. in. 

Density, gm/cc 

Rote, :.>eten/second 

Flemmebillty Index: 

Hyfrtttfititf: % 

JO C, 901 HH. two week: 0.T9 

Volatility: 
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^r'^es k 


Slitpd CtMrft I Hirtin Mii, TNT .= 100: 


00 Ml NC M71 Preieetils. Ut WC-01: 

Dtmity # gm/cc 
CKorgt Wt, lb 

T«M N®. if Fregeteeto: 

For TNT 
For Subjict HE 

3 Mi HI, M42A) Prefecfils. Let KC-5: 

Dim*ty, gm/cc 
Chorgi Wt, lb 

IJa mi iMMAitl 

0 WOI W * 

For TNT 
For Subject HE 


Fregewet Velocity: ft/sec 
At 9 ft 
At 25* ft 

Density, gm/cc 


»!•* (tiMr;i K TNT): 


Gloss Cones Stiil Cone* 

Hole Volume 
Hole Depth 


Color: Gray povder mixture 


friecipel Usee: Small caliber antiaircraft 
projectiles 


Msfhed ef Leedlag: 

i 

Pressed 

Ued«f Pees toy: gm/cc 1 

At 30,000 pel 

~2.0 


CiAIMJI * 

* 

Method Dry 

Hozord Class (Quontity-Distonce) Class 9 


Iki 

Peak Pressure 

Impulse 

Energy 

Air, Cew H eo d : 
Impulse 

Under Water: 
Peok Pressure 
Impulse 
£n*W 


Uedeif r ee ed : 

Peok Pressure 

Impulse 

Energy 


Corrpotibility Group Grc p I 

Bureau of Explosives 

Class A 


Heat of: 


Combustion, cal/gm 
Explosion, cal/gm 
Gas volume, cc/gra 

Ac 11 va 11 or. Energy: 

k-al/mgl 
emp, C 

Time to Ignition, 
second* 


J*293 

750 

204 


Values not Included 
due to erratic Igr.l- 
t!or. ur.der conditions 
of test. 

















The various ingredients used in the preparation of MOX explosives are coated separately as 
follows: 

D1 chroma ted Atomized Aluminum - Seventy-five grams of chemically pure grade sodium dl chro¬ 
ma cels dissolved in 1566 mi Hill ters of water at 100°C under mechanical agitation. Six hun¬ 
dred grams of the atomized aluminum powder Is added gradually (2 to 3 minutes) and stirring 
Is continued for half an hour. The dl chroma ted metal is filtered, washed with water (15 to 20 
times) until the washings show only a slight cloudiness with silver nitrate. The water-wet 
product is then dried In an oven at 50°C. The dried material Is hand-rolled to reduce any 
conglomerates, and blended before use. 

Vax-Coated RDX - Eighteen grams of molten Be Square Special Wax (manufacturer * l80° to 
l85 a Fahrenheit grade amber) la added to 582 grams of finely divided RDX (water precipitated 
from acetone solution) In a water slurry under mechanical agitation. The o temperature of the 
wax-RDX slurry is maintained above the melting point of the wax (about *0°C). The stirring 
is continued for half an hour. After cooling to 50°C, the wax-coated RDX Is recovered by 
filtration in a Buchner funnel and dried In air. The RDX thus coated and presumed to be 3# 
waxed RDX or a 97/3 RDX/vex mixture is hand-rolled to crush any conglomerates formed, and 
blended by hand before use. 

TNT-Coated Barium Nitra te - Thirty grama of TNT in alcohol solution la added to 270 grama 
of barium nitrate in an aicvhol slurry under agitation. The temperature of the TNT-barium 
nitrate mixture is maintained ut 80°C and stirring is continued until most of the alcohol is 
evaporated. The coated material is spread in a thin layer on a tray to dry in air overnight. 
The barium nitrate thus coated with 10# TNT Is reduced to an intimate mixture by haud-rolling 
ard blending before use. 

TNT-Coe ted Potassium Nitrate - The TNT-coated potassium nitrate is prepared by the same 
procedure aa is used for coating barium nitrate. 

; TTQ(/TNT-Coated Amnonlum Perchlorate - The ammonium perchlc^" k e is coated by dissolving the 
appropriate weights of RDX IST liri' in"hot f 'tohol. After add.. _ the ammonium perchlorate, 
ths. ' v rry it stirred until most of the solvent. *s evaporated. The treated ammonium perchlo¬ 
rate spread on a tray to dry overnight. Agglomerates formed during the process are crushed 
b.v bend-rolling and blending the mixture before use. 

TNT-Ooated RDX - Sixty grams of rolten TNT are added to a water slurry of 5^0 gram.' of 
finely divided RDX (water precipitated from acetone solution^ under mechanical agitation. 

Tbe temperature of the TNT-RDX slurry is mainline \ at about 90°C and stirring is continued 
for half an hour. After cooling to about 50°C k the TNT-coeted RDX is recovered by filtration. 
The RDX thus treated, and presumed to be 10# coeted or a 90/10 RDX/TNT mixture, is further 
blended Dy hand after rolling to crush any aggregates formed during the process. 

The MOX explosive mixtures are prepared by blending the appropriate weights oi the dry 
Jn/;redient3 in a Patterson-Kelly twin-shell blender for at leest 30 minutes. 


Origin: 

MOX tyoe explosive mix*' res were developed beglnrlng in 1950 by National Northern, techni¬ 
cal division of the National Fireworks Ordnance Corporation, Vest Hanover. Massachusetts. 
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N 


MOX-I; M0X-2B; MOX-33; MOX-^B; M0X-63 


References: 4 6 

(a) A. 0. Mirerchi and A. T. Wilson. Development of MOX Explosives for Improved 20 mm 
Ammunition , Navy Contract NOrd-10975, Task 1, National Fireworks Ordnance Corporation. First 
Yearly Sunaaery, August 1950 to August 1951• 

(b) A. T. Wilson, Development of MOX Explosives: VarlouB Oxidants In MOX , First Progress 
Report NFCC-6* Navy Contract N0rd-123fcJ2, National Fireworks Ordnance Corporation, December 1952. 

(c) A. 0. Mirarchi, Properties of Explosives: Theory of the MOX Explosion , First Progress 
Report NFOC-10, Navy Contract NOrd-11393, National Fireworks' Ordnance Corporation, December 
1952. 

(d) A. 0. Mirarchi, Properties of Explosives. MOY ^l^aives In Various Atmospheres , 

First Progress Report NF0C-9, Navy Contract NOrd-11393, National Fireworks Ordnance Corpora¬ 
tion, 1952. 

(e) A. T. Wilson, Development of MCX Explosives: Composition Variations , First Progress 
Report NF0C-7, Navy Contract NOrd-iS^, National Fireworks Ordnance Corporation, 1952. 

(f) A. T. Wilson, Development of MOX Explosives; Various Oxidants in MOX , Second Progress 
Report NFOC-1^, Navy Contract NOrd-13664, national Fireworks Ordnance Corporation, October 
1953- 

(g) A. W. 0 , Brien, Jr., C. W. Plummer, R. P. Woodbum and V. Philipchuk, Detonation 
Velocity Determinations and Fragment Velocity Determinations u± Varied Explosive Systems 
and Conditions, National Northern Corporation Final Suumary Report NNC-F-13, February 1958 
(Contract hAI-19-020-501-0PJ>-(P)-58). 

(h) P. Z. Kalanski, Air Blast Evaluation cf M0X-2B Cased and Bare Charges, NAV0RD Report 
No. 3755, 5 April 1956. 

(i) Also see the following Picatinny Arsenal Technical Reports on MOX Explosives: 1935, 
1969, 220fc. 2205. 
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'See footnote 1, ^ 
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Nitrocellulose. *2.6% .. 'NC) 


% 

C 26.U6 

H 2.78 

N 12.60 

0 $>8.i6 

x«onq 2 


C/H Ratio 0.23 


Imped Sensitivity, 2 Kf Wt: 

Bureau of Mines Apparatus, cm 8 

Sample Wt 20 mg 

Picotinny Arsenal Appamtus, in. 3 
Sample Wt, mg 5 


Friction M«is« Ted: 

Steel Shoe 
Cj bar Shoe 


Rifle liillyt Imped Ted: Trials 

% 

Explosions 
Portia Is 
Burned 
Unaffected 


Explode* Temperature: °C 

Seconds, 0.1 (no cop used) 

1 

5 Decomposes 170 

10 
15 
20 


75 X International Heet Ted: 

9r Loss in 48 Hrs 

100X Heat Ted: 

% Loss, 1st 48 Hrs 
% Loss, 2nd 48 Hrs 
Explosion in 100 Hrs 

Flammability Index: 

HyffOKc^ki ty: % 30 °C, 90$ RK 

V«MMy: 60°C, m,:/cm 2 /hr 


hU teenier Weight: 

(272-39) n 

OiffM Mnnce: 


CO, % 

•35 

CO % 

0.6 

J Density: gm/cc 

Melting feint: °C 

Decomposes 

Frtiing Faint: *C 

•ailing Faint: *C 

Refractive Index, n% 


n& 


n£ 


Vacuum Stability Tad: 


cc/40 Hrs, at 


90 °C 

0.17 

ICO’C 

1.0 

120 J C 16 hours 

11.+ 

135 # C 


I50‘C 




Sand, gm 

1*5.0 

Sensitivity to InMintfon: 


Minimum Detonating Charge, gm 


Mercury Fulminate 

Lead Azide 

Tetryl 

0.10 

BsIHMic MwMr, % TNT: 


Tmtl Tm», % TNT: 

Flete Dent Ted: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 


Detonotioa Rate: 

Confinement 

Condition 

Charge Diameter, in. 
Density, gm/cc 
Rote, meters/second 

















Nitrocellulose, 13. ^ 
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0 

X-0N02 


C/H Ratio o,23 


Impact S>—iNvIty, 2 K( Wt: 
Bureau of Vanes Apporatus, cm 
Sample Wt 20 mg 
Picotinny Arsenal Apparatus, in. 
Sample Wt, mg 


Friction Pendulum Test: 

Steel Shoe 
Fiber Shoe 


Rifle Relief Impact Test: Trials 

% 

Explosions 

Parfiols 

Burned 

Unaffected 


Implosio n Temperature: 9 C 

Seconds 0.1 (no cap used) 

1 

5 230 

10 
IS 
20 


73°C Intemetieael Meet Test: 

% Loss in 48 Hrs 


100'C Heat Test: 

% Loss, 1st 48 Irs 0. 3 

% Loss, 2nd 48 Hrs 0.0 

Explosion m 100 Hrs None 


F lemma bik’v Index: 


HyatMcopkity: % 30°C, 90* ft“ ~ 2 


Molocoler Weight: 

(?66.3U) n 

Oxygen Rale nee 

ca % 

-29 

co % 

_ M 

j Density: gm/cc: j 

Melting Paint: °C 

1 

Decomposes ] 

Fronting Point: *C 

Ml,, WM: ”C 

Refractive Index, n» 


n» 


n£> 


Vacaum *Mfy Teet: 


ec/40 K.s, at 

53°C 

0U2 

100X 

1.5 

120 n C 

11.+ 

USX 


150°C 


200 Grom Romo Send Test: 


Sand, gm 

1*9.0 


Seatitmty to Initiation; 

Minimum Detonor-ng Chorff, pm 
Mercury Fulinin.i;* 

Lead Azide 


leiUehc Mortar, % TNT: 


Trees! Test. % TUT: 


Plate Uwt Test: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 


iffifRinfa nvw • 

v .onfmement 
Condition 

Charge Diameter, in 
Density, gm/cc 
Rote, meUrs/secood 


Volatility: 60°C, mg/cm /nr 


1.20 

7300 
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Nitrocellulose. lU.lWN (lie 





















Nitrocglluloge (MC 
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AMCP 706-177 Nitrocclluloac (HC) 


Solubility in Vfcter, gm/100 flm, at: 

- lEeTh 

13. N 

14.0% K 

25°C 

Insoluble 

Insoluble 

Insoluble 

6o°c 

Insoluble 

Insoluble 

Insoluble 

Solubility, paJlOO gm, 25°C, in: 

Ether 

Insoluble 

Insoluble 

Insoluble 

Alcohol 

Very slight¬ 
ly soluble 

Practically 

Insoluble 

Insoluble 

2:l-Bther:Alcohol 

Soluble 

Slightly 

soluble 

(6*-ll*) 

Practically 
insoluble 
(l * *) 

Acetone 

Soluble 

Soluble 

Soluble 

24>Hout Hydrolysis Test, 

1 Wale'AeL 

1.22 

1.03 


Preparation of Nitrocellulose from Cotton Haters: 




Moratory Procedure) 


Nitration: Second cut cotton linters, previously dried to a moisture content of ie** than 
0*5$, are nitrated by insaersion in mixed acid under the following conditions: 

Ratio of Kixed Acid to cotton 55 to 1 

Composition of Mired Acid (approximate) 

a. for 12.6$ N: HgSOi* 63.5*, HN0 3 21*, HgO 15- 5% 

b. for 13-4* N: HgSO^ 68*, HRO3 22*, H 2 0 10.0* 

Temperature of acid at the start 34°C 

Time of nitration 24 minutes 

During the nitration period the mixture is turned over occasionally to keep the add homo¬ 
geneous. Hie mixture is then filtered on a Buchner fUnnei with suction for about three min¬ 
utes and then drowned rapidly with strong hand stirring in at least 50 volumes of cold vster. 
After the nitrocellulose has settled, most ol the water is decanted and fresh water added. 

The nitrocell lose-water mixture is boiled and the acidity adjusted to 0.25* to 0-50* as I^SO^ 
The sour boil is continued for at least 24 hours for pyrocelluloee and at least 40 hours for 
gun-cotton. Additional boiling with changes of water are made in accordance with th« govern¬ 
ing specification (JAN-N-244). 

Pulping: The nitrocellulose is then pulped in a laboratory Holland-type paper beater. 
Enough soalum carbonate is added to keep the reaction faintly alkaline to phenolphthalein. 
Pulping is continued to the desired degree of fineness. 

Poaching: After washing the nitrocellulose from the beater, the mixture is filtered and 
the product boiled for 4 hours with fresh water while stirring mechanically. From time to 
time a little codivm carbonate solution is added to maintain the mixture faintly alkaline ' c 
phenolphthalein. The water is decanted and the boiling continued. According to the specifi¬ 
cation, the total boiling treatment with poachi* Is as follows: 


230 









Nitrocellulose (NC ) 
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k hours boiling with or without sodium carbonate 

2 hours boiling without sodium carbonate 

1 hour boiling without sodium carbonate 

1 hour boiling without sodium carbonate. 

Each boil is followed by settling and change of water. 

Washing: The nitrocellulose is then washed by mechanical agitation with water. A minimum 
of two washes are given. If a sample taken after the water washes gives a minimum test of 
35 minutes in the 65.5°C Heat Test and 30 minutes in the 13^-5°C Heat Test, the nitrocellulose 
is satisfactorily stabilized. Otherwise additional washes should be given. 

Origin: 

Cellulose occurs in nature. It is wood fiber, cell wall and the structural material of all 
plants. Cotton fib^r is pure cellulose. Nitrocellulose waa discovered about l8Vf by C. F. 
Schonbein at Basel *d R. Bcttger at Frankfort-on-the-Ma in independently of each other when 
cotton was nitrated. T. J. Pelouze had nitrated paper earlier (1638) and was probably the 
first to prepare nitrocellulose. 

Pyroxylin or collodion, which is soluble in a mixture of ether and ethanol, contaIris from 
8$ to 12% nitrogen. It is used in the manufacture of celluloid and in composite blasting 
explosives. 

Pyrocelluiose , a type of nitrocellulose of 12.6$ nitrogen content, comp. "Vy soluble i 
mixture of 2 parts ether and one part ethanol, was developed ty Mendeleev ( , 1-1895). This 

material, when colloided, formed the first smokeless powder for military use in the ’united 
States (1898). 

Guncotton for military purposes t . iy contains a minimum of 13.35$ nitrogen. It is only 
slightly soluble in ether-ethanol, but completely soluble in acetone. Principal use is in 
flashless powders and as flame carriers. 1^.14$ N nitxocellulose represents a theoretical 
limit. 

In tie manufacture -f propellants, there is used a mixture of pyrocellulose and guncotton 
(bV-Jeri nitrocalluio&c) of IS* 15$ to 13.25$ nitrogen content. 

r estruction by Chemical Decomposition: 

Nitrocellulose is decomposed by adding it, with stirring, tc 5 times its weight of 10$ 
sodium hydroxide heated tc 7Q°C. Stirring is continued for 15 minutes after all the nitro¬ 
cellulose has tee. added. 

References: 4 * 7 


(a) See the follovir^ pjcatinn/ Arsor.al Technical Reports on Nitrocellulose: 
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c 

i5-9 HC- 

2 i 

-oho 2 

H 

2.2 HC — o»o 2 

H 

16.5 h 2 d- 

~ono 2 

0 

63.4 


CJH 

Rotic 0.109 



W22E3BSMSSB&M 

227 


°7s:r~ 

CO % 

3-5 

2k.5 


ft~»y:«m/«c |5°C, Uquid 

1-591 

1.596.... 


» ^ *r labile form 

moamg rmmt k. s^bU form 

2.2 

13-2_ 


BSsaMmmmm 

ES3ESSSSHSSSI 

1*5 

_j 


r,iK«Wh 

Bureau of Mkv, Apparatus, cm 
Sample 20 mg 

Picctinny Anerol Apparatus, In. 1 It vt 
Sample Wt, mg 


1> 

1 


Steel Shoe 
Fiber Shoe 


Explodes 


n» 

n& 


1.^732 

1**713 


lifts Befct Impact Test: Trials 

% 

Explosions 100 

Portiols 0 

Burned 0 

Unaffected 0 

I ipheln Tiw| sisters: *C 


Seconds, 0.1 (no cap used) 


1 


5 Explodes 222 


10 


15 


20 


## r pmmiiipiM nw ■ wj 


q Loss in 46 Hrt 


160*: He* Teel: 


% Lost, 1st 48 H/s 

3.6 

% Lou, 2nd 48 Hr* 

3.5 

Exp asion in 100 Hrs 

Nona 

[ Fteeun *rtty ledex: 

| Hygrer cepfclty: % 30°C, 90* RK 

0.06 


Vsce—i HaHHty Test: 

cc/40 Mrs, at 

90*C cc/gV^ bre 
100*C cc/g*/l6 hre 
120*C 
U5*C 
1S0*C 


1.6 

11+ 


Sond, gm 


Send Te*s 

Liquid Mthod 


51*5 


Vetef Jty: 60°C, w?/cm 2 /hr 


fpmwwy w RNwwii 

Minimum Detonat i ng Ctorge, gm 
Mercury Fulminate 
Lead Aside 
Tetryl 


MM Marta., « THTi (,) 

1*0 

Twad T*rt. % XHti (fc) 

161 


tftgsDedTati 


Condition 
Confined 
Density, gm/ct 
Brfsonce, % TNT 


Defenttfe* Inlet 


Confinement 

ale e t 

J'.eel 

Condition 

Liquid 

Liquid 

CHorge Diomettr, in. 

0.39 

1.25 

Density, gm/cc 

1.6 

1.0 

Rote, meters/second 

1600-1900 

7700 


O.U 
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Booster SeeeMWty Test: 

Condition 

Tetryl, gm 

Wax, in. for 50% Detonation 
Wax, gm 

Density, gm/cc 



Ndt)tf: 

Combustion, cal/gm 


1616 

Explosion, cal/gm 

a 

1600 

Gas Volume, cc/gm 


715 

Formation, cal/gm M 


1*00 

Fusion, cal/gm ™ 

Detonation, cal/gm 


11*86 

Specific Meet! co!/gm/*C 

Liquid 


0.356 

Solid 


0.315 

cm/sec 




col/sec/cm/'C 


C o efficient if 

Lento*, %/*C 

Volume. %rc 




E', dynes/cm 3 
E. Ib/inch 3 
Density, gm/cc 


lb/inch 3 


Oxygen, otoms/sec 
(Z/sec) 

Heat, kilocolorie/mole 
(AH, kcol/mol) 
Temperature Range, °C 

10 17 - 3 

Ll. 4 

90-135 

10 19 - 2 

k5.0 

125-150 

Phase 

Liquid 

Liquid 

Artier Plele Impect Tesh 



•V0 mm Merter Pre)ectile: 

50% Inert, Velocity, ft/sec 


| Aluminum Fineness 




Plot* Th’ckness, inches 


nan Mercury 


m6 Dnf Test: 

T7, 20004b fait-Ai wor Mfdn >»ib n C 

Mox Sefe Drop, ft 

9004b General P iff—t Mob n CtnenN: 

Height, ft 
Triol* 

Unaffected 
Low Order 
High Order 

10004b General Purpose Bomb n C ex c re te : 

Height, ft 
Triols 
Unaffected 
Low Order 
High Order 















cerln (Uftuld] 
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Carbon Disulfide 


gm/lOO gn (*), at 2$°C In 


2s t 

Ambient 1 


Ether 

2:1, EtherrAlcohol > 100 
Acetone • 


liable in ell Broportiona In: 

Methanol 

Acetone 

Ether 

Ethyl acetate 
Aiqyl acetate 
Methyl nitrate 
Ethyl nitrate 
Nltroglycol 
Tstrani trodlgly cerl ne 
Acetic acid 
Benzene 
Toluene 


Phenol 

Pyridine 

Xylene 

Nitrobenzene 

p-Nitrotoluene 

Liquid EHT 

Chloroform 

Ethyl chloride 

Ethyl bromide 

Te tre chloroe thy ler.e 

D1 chloroethy lene 

Trine thylenegly col Dinitrate 


Solubility in NO, of: 
Alcohol LWT 

°s i °s t 

0 3.4 83 35 

20 5-4 

50 

Preparation: 


CH 2 -0H 
CH —OH 

I 

CHg-CH 


TNT Water 

lc t fc i 

20 30 25 0.06 


♦ 3HN0 3 


CK-,—0S0 3 

I 2 2 

CH — 0N0 o 

I 2 

CH 2 — ono 2 


♦ 3H 2 0 


Glycerine la usually nitrated at 25°C, or below, by adding it very alovly to a veil agitated 
mixture of nitric and sulfuric acids, e.g., Uo/59«5/0.5» nitric acid/sulfuric add/vater, us¬ 
ing an acid/glycerine ratio of approximately 6. Agitation of the rear don mixture la accom- 
pllahed by use of confessed air* A rapid temperature rise, or appearance of red fumea, auto¬ 
matically require* dumping of the charge, immediately, into a drowning vessel filled with 
water. After all the glycerine has been added to the nitrator, agitation and cooling are con¬ 
tinued until the temperature dropa to about 15°C, and the charge la then run into a separator 
where the NG rises to the top, and is run off to the neutralizer. The nitroglycerin is 
washed first with water, then with sodium carbonate, and finally with water. She resultant 
NG when washed with water, produces washings which do not color phenolphthalcln, and itself 
la neutral to litmus paper. 







AMCP 736-477 




I 


Nitroglycerin (Liquid) 


Origin: 

Nitroglycerin was first prepared in 1846 or 1847 by Aacanio Sobrexo, an Italian cbemiat 
(Nea Acad Torino (2) 10, 195 (lQ^7)) • For several years after this discovery, nitroglycerin 
attracted llttie Interest as an explosive until Alfred Nobel In 1664 patented improvements in 
Its manufacture and method of Initiation (British Patent 1813) . Nobel gave the name dynamite 
to mixtures of nitroglycerin and ton-explosive absorbents, such as charcoal, siliceous earth 
or JCleselguhr (Erltish Patent (1867)) later developments led to gelatine dynamites, 
ammonia dynamites, and so colled straight dynamites. The first propellants using nitrogly¬ 
cerin vere called Ballistite (Nobel, British Patent 1471 (1088)) and Cordite (/bel and Dewar, 
British Patents 5fa4 and 11,664 (1889))‘ 

Destruction by Chemical Decoag>oaitlonr 

Nitroglycerin Is decomposed by adding It slovly to 10 times Its velght of l8£ sodium sul¬ 
fide (NsgS* 1 ?^)* !ieat Is liberated by this reaction; but this Is not hazardous If stirring 
Is maintained during the addition of nitroglycerin and continued until solution Is complete. 

References: 48 

(a) A. B. Blatt, Cottpl?atlon of lata on Organic Explosives , OSRD Report No. 2014, 29 Feb¬ 
ruary 1944. 

(b) Ph. Naoun, Z ges Schleas-Sprengstofftf , pp. l8l, 239, 267 (27 June 1932)* 

(c) Londolt - Bernstein- Physlkallscfa-Chemlsche Tabellen, 5th Ed. (1923) • 

International Critical Tables. 


B. T. fe dor off et al, A Manual for Explosive laboratories , Vol T-IV, LefSx 3ociety, 
Inc., Philadelphia, 1943, 19461 

(d) H. A. Streeter, Initiation, Propagation and Luminosity Studies of Liquid Explosives , 
OSRD Report No. 5609, 3 December 1945* 

(e) Also see the following Pica tinny Arsenal Technical Reporta on Nitroglycerin: 


c 

1 

2 

1 

4 

L. 

6 

7 

8 

2 

620 

5U 

652 

233 

1*5!* 

1155 

1206 

817 

768 

69 

660 

551 

672 

343 

1*91* 

1235 

Ik 56 

837 

1348 

249 

800 

701 

752 

673 

1021* 

1955 

1496 

1197 

1398 

579 

1020 

891 

922 

903 

1074 

2015 

1556 

1297 

1738 

709 

1150 

911 

111*2 

1023 

1084 


1616 

1637 

1918 

1349 

1210 

1031 

1232 

11*1*3 

1454 


1786 

1817 

2098 

1359 

1410 

104l 

1362 

161*3 

1524 


1816 

1847 


2119 

1620 

1151 

151*2 

1663 

1624 


1896 




1680 

1191 

1662 

1863 

1674 


2056 





1221 

1692 

1993 

1754 







1611 1742 

1651 1752 

1691 1992 

1731 
1781 
1851 
1931 
2021 
2181 
2201 




footnote l t page 10, 
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AMCP /v6-177 


Nltroguanldine 


FrofasalsHea T«h 

90 sms HE, M71 NMk Ut WC-tl: 

Dermtfy, gm/cc 
Chorge Wt, lb 

YiNl Nt. ef F rigniiH ; 

For TNI 
For Subject HE 

9 lock HI, MOA1 P i ejecrtfa , let KC-St 
Density, gm/cc 
Chorgt Wt, lb 

Tctd Ho. of Piegmcsts: 

For TNT 
For Subject HE 


frtpmm I Veledty: ft/sec 
At 9 ft 
At 25H ft 

Demlty, gm/cc 


Mart (idcHfc to TNT): 

Ain 

Peak Pressure 

Impulse 

Energy 

A k, C sii ft se l t 
Impulse 

Under Weten 
Peok Pressure 

Impulse 

Energy 


Ms fflg i itsf : 

Peak Pressure 

Impulse 

Energy 


Sbeped Cket g e Effectiveness, TNT = 100: 

Gloss Cones Steel Cones 

Hole Volume 
Hole Depth 


CeWrt Colorless 


Propellant composition ingredient, 
bursting charge ingredient 


Metbed ef L ssdh g : 


L nis g Density: gm/cc 


" At 3300 psi 

L 


0.95 

Storage: 

Mathod 


Vty 

Hoxord Class (Quontlty-Oistonce) 

i 


Class 9 

I Conpotibi’ity Group 

I 


Group I 

i 

Exudation 

Solubility, gm/100 go (<), in: 

°c 

* 

Water 

25 

0 .U* 

100 

9-‘' 1 

1.0 N Potassium 

Hydroxide 

25 

l.i 

kO$ Sulfuric Acid 

0 



25 

8 .0* 

1 * gm/100 cc solution 1 

Booster Sensitivity Test: 


W 

Condition 


Pressed 

Tetryl, gm 


100 

Wax, in. for 50$ Detonation 


0.67 

Density, gm/cc 


l.Ul 

Heat of: 

Combustion, cal/gm 
Explosion, cal/gm 


1995 


721 

Gas Volume, cc/gm 


1077 

Formation, cal/gm 


227 














o 


Nltroguanldlne 


AKCP 706-177 


Preparation: 

(Chemistry 


of Powder and Bsploeirea, Davis) 


C — NH 


NO- —NH 

<* V 


Four hun£ ad gms of dry guanidine nitrate la added In snail portions to 500 cc concentrated 
sulfhrlc add at 10°C, or below. As soon as all crystals have disappeared the milky solution 
Is poured Into 3 liters of Ice-water, and allowed to stand until crystallisation Is complete. 
The product Is filtered, rinsed vith water, and re crystal Used from about 4 liters of boiling 
water, yield about 90$. 

Origin: 

Hltroguanldlne was first prepared In 1877 by Jousselln, but It was 1900 before It found 
use In propellant compositions. During World War I, nltroguanldlne was used by the Germans 
as an Ingredient of burstlig charge explosives. 

Destruction by Chemical Decomposition; 

Hltroguanldlne Is decomposed by dissolving in 15 times its weight of 45$ sulfuric acid at 
room temperature and warming the solution until gas is evolved Heating is continued for one- 
half hour. 

fiBfbrences;^ 

(a) L. C. Smith and E. G. Foster, flayslcal Testing of Explosives, Pa- t ill - Miscellaneous 
Sensitivity lasts; Perforates Otesta, 0SRD Import No. 571*6 , L 2J December 1945* 


(0) Ca n ad i an Report, CE-12, 1 May-15 Augusc 1941. 

(c) D. P. MacDougall, Methods of Physical Testing , 0SRD Report No. 803, 11 August 1942. 

(d) L. C. Smith and S. R. Walton, A Consideration of KDX/Wax Mixtures as a Substitute for 
T ptryl In Boosters# N0L Memo 10,303, iT-Iune 19*$. 

(e) Departments of the Amy and the Air Force TM 9-1910/TO 11A-1-34, Military Explosives, 
April 19>p. 


**Set footnote l, page 10. 


... 
















Nitroieobu 


carol IVinitrata 


Liquid 


AMCP 7W-177 


MfMKt'V 

% 

C 16.8 

B 2.X 

H 19-6 

0 61.5 

C/H K»k» 0.126 


o 2 ho-ch 2> 


o 2 ho-ch 2 


OgSO-CE^ 


C —80,. 


bpict SooelH f By , 2 Kg Wt: 

Bureau of Mints Apparatus, cm 
Sample Wt 20 mg 
Pieetvnny Arsenal Apparatus, In. 
Sample Wt, mg 


sun onoe 
Fiber Shot 


M e t e e a h r Weight} (C^HgH^Oji) 


Oxyg** Bal—eei 

CO, % 

co% 


PieiByt gm/cc 


rUPfl v 


Ftaeriag M«t *C 


C 


l.fcB# 

l.k&fk 


cc/40 Hrs, of 
90 # C 


MHe Mist Impact Test: Trials 

Explosions 

I Patriots 

Burned 

Unaffected 

9b 

Seconds, 0.1 (no cop used) 

i * 

°C 

! 1 

5 Igaitcs 

10 

i 

165 

15 


20 


7S*C lateraetieael Neet Test: 1 

% toss in 48 Hrs j 

100*C Neat Test: 


% Loss, 1st 48 Hrs 
% Loss, 2nd 48 Hrs 
Explosion in 100 Hrs 


naeunabifily Index: 

Msifieaer nail Hu OL 

i a) 


Mrnimum Detonating Charge, gm 
Mercury Fulminate 
Lead Aside 

Teiryf 


MMMnIh %TNTi 


Ttaaal Test, % THTt 


PtaCs Boat Tastt 

Method 

Condition 

Confined 

Density, gm/cc 

Brisanca, % TNT 

_1 

| ritinstftn Bate* 1 

Confinement 

Gins* (l m «tJ <) 

Condition 

U«uld 

Charge Diameter, in. 

0-39 

Density, gm/cc 

l.6k 

Rote, meters/second 

7360 






























AXCP 706*177 


Nltroleobu 


3enefty. gm/cc 
t«T0i \Vt, fe 

Total tfeafftegaimte 

For TNT 
Fo. Subject HE 


S Ml HI.M42A1 

Density, gm/cc 
Choral Wt, lb 


UlWCtli 


Total No. el Fregns 

For TNT 
For Subject HE 


PfO 0 MN* V«bc<^ ft/sec 
At 9 ft 
At 25H ft 

Density, gm/cc 


(lUtaHvo ta TNT): 


Ain 

Ptok Pr oi s u r o 

Impulse 

Energy 

Air, Cm*Mt 
Impulse 

Q atar Wotar: 
Peok Pressure 
Impulse 
Energy 


Pv^sk Pressure 

Imp^iis* 

Energy 


US KC*S: 


Om^« TMT s. 1«i 

SwCm Stool Cono. 

Hot. Volume 

Hot. O^lh 

Cebrx 

Yellow oil 

Pvlaelyal Utaes 

Gelatinising agent for 


nitrocelluloee 


loodtag Pseilty. gm/cc 

Staragas 


Method 

Liquid 

Hosord Cion (Quontity-Distanee) 


Compatibility Group 


Exudation 



Solubility; 

Soluble In methyl and ethyl elccoola, ace¬ 
tone, etheri ethyl enedi chloride, chlorofom 
and benzene. 

Insoluble in 'm ter. carbon dieulp’iide, 
and petroleur. ether. 

Toxicity: 


Slight, decidedly -* 1 —nitroglycerin. 

Gelatinising Action: , 

Slight or. ni trocellu;»ose. , 

62.2°C KI .Test; 

Mir. tea 2 




















HI trolaobutylgly carol Trinitrate (NIBTK) Liquid AMCP 7^6-177 


Preparation: 

A total of 675 a* 37jl formalin la added to 150 gm nitromethane containing 2 gm potaaalum 
had-hydrate The first COO gm formalin is added ulovly, keeping the teoaerature 
belov 30°C, and then the h*at of reaction Is allowed to raise the tesserature to 80®C, and 
the mixture then heated two hours at 90°C. The reaction mixture Is then concentrated at re- 
teoed -rw 're and diluted, and this process repeated several times to remove formaldehyde. 
After the *£nel concentration the cooled mixture le filtered and the crystalline product recry- 
stalllsed from alcohol and then eevezvi times from ether and dried. 

Bbe nitrated product le then obtained by nitrating 50 gm nltroleobutylglycerol with 300 gm 
mixed add (60/36/2, sulfuric add/nitric add/water) belov 15°C for 1*5 hours. 

Origin: 

Oils exp lo s iv e (also called trimethylolni trees thane Trinitrate, HI trol sobutane trl ol Trini¬ 
trate, Ktroiaobutylglyeerln mnltrate and Incorrectly but widely used HI trol sdbutylgly cerol 
firlnltrate) was first described In 1912 by Hoftrlner (Z gee Schlees - Sprangstoffv 7, A3 
(1912)* Boftlmmr prepared the rewound by the condensation of 3 moles of formaldehyde vith 
1 mole of nltromethmne in the presence of potassium bicarbonate, the subsequent nitration of 
the protect. The explosive can nov be produced from coke, air, and natural gas. 

References: 

(a) I. A. Aaronaon, Study of Explosives Derived fron Hltroparamns, BATH Ho. 1125. 

24 October 19*1. - 

(b) M. Aubry, Mte poudr, 2£, 197-204 (1932-33); CA 2£, A083 (1933)- 

(c) A. Stettbacher, nitrocell u los e 159-62, l8l-4> 203-6 (193*); CA 2g, 1250 (1935). 

(d) V. de C. (heater, U.S. Patent 2,112,7*9 (March ..938); Ok J2, 3964 (1938). 

(e) H. J. Hlbshnan, S. H. Pierson, and H. B. Haas, Ind Eng Cfcem 427-9 (19*0); Gk 34, 

3235 (19*0). * 

(f) A. Stettbacher, Z get Schiesa Sprengstoffy gfl, 62-4 (1942); CA ^8, 255 (1944). 



























Nitrostarch Demolition Explosive 'NSX 


AMCP *06-177 


fugurtiHy Test: 

90 mm NE, M71 Piejectile, Let WC-91: 

Density, gm/cc 
Charge Wt, lb 

Tetel Me. el hifiih: 

For TNT 
For Subject HE 

1 tact HI, M42A1 Piefec HIo , Let KC-S: 
Density, gm/cc 
Charge Wt, lb 

Tetel Me. el NgeeeH: 

For TNT 
For Subject HE 


wgnst Vibdhf: ft/sec 
At 9 It 
At 25% ft 

Density, gm/cc 


Meet (Motive te TMT): 
Aki 

Peak Pressure 

Impulse 

Energy 

Air, CeoHe e rf : 
Impulse 

Under Weter: 

Peak Pressure 

Impulse 

Energy 

U sAt g roM ; 

Peak Pressure 

Impulse 

Energy 


Sheged Charge IHecHweeeee, TNT = 100: 

Gloss Cones 

Steel Cones 

Hole Volume 

Hole Depth 


f f | tr 

1 Prtedpel Uses: Demolition, 

bursting charges. 

end priming compositions 

Method of leedrng: 

Band tapped 

ln<«i Pseelty: gm/cc 


Apparent 

0.92 

SteMget 


Method 

Dry 

Hoxord Class (Qiontity-Distonce) date 9 

Compatibility Group 

Group I 

Exuffatlon 

None 

120°C Heat Teat: 



Minutes 

Salmon Pink 

“75 

Red Fumes 

255 

Explodes 

256 

__ 

















AMCP 706-177 


Nltroatarch Peaolitlon Explosive (WSX) 


Preparation: (b) 

The nitration of starch proceeds with the formation of hexanitro starch according to the 
following equation: 

ayi 10 05 ♦ 6hbo 3 -* c^c^flKfe)* ♦ fiUgO 

TSploca starch Is considered the best for nitration purposes, although other starches give 
iairly stable products. The starch, pretreated to remove oils, frts kM water soluble Im¬ 
purities, Is dried and screened. Feeding of the dried starch Into stainless steel ultratore 
containing mixed acid (62]t-63Jt BBC* 37%-38^ BoSOjJ Is done slowly with constant agitation 
of the mixture. The heat evolved must be controlled by cooling colls. Th e nitrated starch 
is separated from the spent add, washed with a large amount of water and centrlAtged. Final 
dryli£ Is on trays heated to 35°-*0°C with air. This product Is so sensitive even a static 
discharge might cause exploelon. 

Utrostarch demolition explosives contain a high percentage of nltroetarch, an oxidising 
agent, mineral oil, a stabiliser and/or other Ingredients. 

Origin: 

Xitrostarch was first prepared In 1633 by Branconnot, who called It xylol dine (Ann chips 
phys EBJ 52, 290 (1B33)). T. J. Felouse studied xylol dine further and reported Its explosive 
properties (Ooapt rend 7, 713 (1838). It found military use in the United States during 
World Whrs I and H as blasting explosives and as an Ingredient of bursting charges and prim¬ 
ing compositions. 

R efer ences: 51 

(a) V. R. Tomlinson, Jr., Ihyslcal and Explosive Properties of Military Explosives, PdflR 
Bo. 1372, 29 Bcvestoer 19^3* 

(b) G. D. Clift and B. T. Fedoroff, A Manual for Explosives laboratories , Vol I, Lefhx 
Society, me., Philadelphia (I9b2). 

(c) Also see the following Picatinny Arsenal Technical Reports on Kitrostarch Explosives: 

I 8 2 

U17 030 1269 

040 


1 2 4 

1611 702 1034 

2032 


^ l See footnote 1, page 10. 
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AMCP 706-177 


Octol, 70/ 



# Test specimen l/2 M x l/2 ' cylinder (epproximerely 3 **m) pressed at 3 tons (*'-.000 lb) total 
load or 30,000 psl v* th a 2 minute time of dwell. 


250 














Octol. 70/ 


AMCP 70M77 


fmn witi T«h 

m mm NK, M71 Prejectif*, let WC-f 1: 

Density, gm/cc 
Chorge Wt, lb 

Tn«l Ne» si Fitymab: 

For TNT 
For Subject HE 

! toefe Ml, M42A1 Projectile, Let KC*S: 

Density, gm/cc 
Charge Wt, lb 

Tetel Me. el Piagaieaiij: 

For TNT 
For Subject HE 


lagaml VeM»y> ft/iec 
At 9 ft 
At 25ft ft 

Density, gm/cc 


Blwt (fceletive le TMDt 
Ain 

Peek Pressure 

Impulse 

Energy 

Air, Meeft 
Impulse 

Uader Water: 

Peek Pressure 

Impulse 

Energy 


Shaped Charge Effectiveness, TNT =r 1f$t 

Gloss Cones Steel Cones 

Hole Volume 

Hole Depth 

Caltn 

Buff 

Mnrigtl U*m: HE projectile and boab 

filler 

Mefbed ef keadtog. 

Oast 

Leedhig Psaiky: gm/cc 

1.80 



Method 

Dry 

Hosorrf Class (Quantity-DfStonce) 

Claas 9 

Compatibility Group 

Group I 

Exudation 



Work to Produce Rupture: ft-lb/lnch^ * 

Average (10 teete) 1.55 

High 1.87 

Low 1.10 

Efflux Vlecoslty, Saybolt Seconds: 5 9 


Peek Pressure 

Impulse 

Energy 


♦Test specimen l/2" x l /2" cylinder (approxi- 
tastely 3 gm) pressed at 3 tons (6,000 lb) 
total load or 30,000 psi with a 2 minute 
time of dwell. 













AXCP 706477 

Effect of Altitude 


Diameter end Degree of Confinement on Detonation Veloci 


rence 


i 70/30, EiX/TST; 

! density, ga/cc 1.62 


Avenge 


Simulated Altitude 


One-Inch Column 


Unconfln 


IKSH 


HESISli 


Unconfl 


Ground 

7900 | 

8100 

7660 

8030 

30,000 

8020 ! 

8120 

7900(4) 

7800 

60,000 

8o4o 

8ll*0 

8010 

7950 

90,000 

8060 

7960 

8010 

i 7710 


8005 

8085 

7895 

! 

| 7873 



*70/30 Octol confined charge in l/4" steel tube, AIS7 1013 seamless, 1” diameter 18" long, 
and 2" diameter 7" long. All means were determined from sets cf five values unless other 
vise Indicated by ( ). A 26 gm tetry booster van used to initiate each charge. 


rsj wixi^±. 


nt Velocities at Various Altitudes* 


Explosive 


70/30, RDX/DIT 


70/30 , ehx/dit 


Simulated Altitude, Feet 


Ground 30.000 



j 3415 

3672 

. 3666 

3685 

> ; 1*647 

1 

5192 

' 5236 

6011 

L 3366 

3680 

1*014 

3617 

















































% 

BMC 


it 


75 

25 




276 


BIT 


C/H Rot* 


impost IsnsRMfr, 1 Kg Wt: 

Bureou of Mines Apporotus, cm 
Somple Wt 20 mg 

PicotHv.y Arsenol Apporotus, in. 17 
Sample Wl, mg 25 


Fitetie* Poedebnn Test: 


Stool Shoo Unaffected 

Fiber Shoo Unaffected 


Rifle Bofct Impoct Tests lOTriols % 



3/1 6" StMl 

iZ§l 

Explosions 

70 

70 

Portiais 

mm 

— 

Burned 

— 

— 

UnOTTVCIN 

30 

30 


Kaptooioe Yompovotofo: 

Seconds, 0.1 (no cop used) 


1 

5 TLenes erratically 350 
10 


15 

20 


7$*€ letomeNoeel Moot Tests 

% Loss In 41 Hn 


160‘C Meet Tosh 
% Loss, 1st 48 Hrs 
% Loss, 2nd 4d Hff 
Explosion in 100 Hrs 




MypseeeepfeOyt % 


VeMRtyt 



Oxygen Beleece: 

CO. % -35 

co% -f 3 

nBDDI 

Melting Point: °C 



_or 

POllrOp rVlm» V 

Reflective Index, nS 

n» 


Vecuwe Steb W ty Tost: 

cc/40 Hrs, of 
90*C 
i00*C 
120*C 
135*C 
150*C 


200 Grom Bomb Seed Tests 

Sond, gm Exploratory 62-1 

l^dtMty to IsMetioa: 

Minimum Dttonoting Charge, gm 
Mercury Fulminoto 
Lood A* id# 

Totryl 


MWk Mwtor, % TNT: 

116 

TieesJ Test, % TNT: 



Plole Dset Tests 


Method 
Condition 
Confined 
Density, gm/ec 
Brisonco, % TNT 

P otoeo H sa Rale: 

Confinement 

Condition 

Chorgo Diameter, in 
Density, gm/cc 
Rato, motors/second 


None 

Coat 

1.0 

1.8l 

86^3 





























AXCP 706-177 


Wy 10PNT« 

Condition 

Tetryl, gm 

Wax, in for 50% Detonotlon 

Wax, gm 

Density, gm/cc 

Htdd: 


Combustion, col/gm 

2676 

Explosion, col/gm 

1131 

Get Volume, cc/gm 

830 

Formation, col/gm 


Fusion, col/gm 

29.4* 

•Calculated rot- 76.9# HMX, 

23.1lt 1HT. 

Specific Hoot: col/gm/*C 
-79°C 

#* 

0.200 

-80° to +80°C 

0.240 

33 to 74°C 

0.245 

90° to 150°C 

0.323 

♦♦Determined for 76.9$ HMX, 

23.11( 1ST. 

laming lota: 


cm/sac 


Th arena! Ce*4*ctMfy: 


co;/iec/cm/"C 


CaafMamf af SspoMiae: 


Linear, %/*C 


Volume, %/*C 


HeidmatSy Maba* Scela* 

Y^, 


E', dynes/cm* 


E, lb/inch* 


Density, gm/cc 


CampramHra Stuagtfc: lb/inch z 

1340 


See below 

Vapor Piemen: 


*C mm Mercury 

Compressive Strength; lb/inch 2 *** 

Average (10 teata) 

1340 

High 

1560 

Low 

1040 


Oxygen, otomt/iec 
(Z/sec) 

Heot, kitocolorie/mole 
(AH, kcol/mol) 
Te mp e ra ture Rang#, *C 

PHom 


Ahmt Plait Impact Tati: 

4 ^-- „ . 

50% Inart. Valocity, ft/sac 
Aluminum Fineness 


Plata Thickness. inchat 


tiwh Drop Tati: 

T7, mm S tall Altar P tai al ai 

Mox Sofa Drop, ft 


Haight, ft 
Trtolt 
Unoffactad 
Low Ordar 
High Ordar 

10004 O aa art! hHfma M at C ea s r — a ; 

Haight, ft 
Trldf 
Unoffactad 
Low Ordar 
High Ordar 


Ultimate Deformation: 


Average (10 teata) 


♦"♦Teat apecimen 1/2 x 1/2 cylinder (approximately 3 gm) preaaed at 3 tona (6,000 lb) total 
load or 30,000 pal with a 2 minute time of dwell. 
















AMCP 706-177 



Skm*Ck~*W ! »»mm.JHT= 1M. 


fi mm HE, Mil Prejsstiia, Let WC-fh 

Density, gm/cc 

Charge Wt, lb 

Gloss Cones Steel Cones 

Hole Volume 

Hole Depth 


■ e^^Ps BHT 

For TNT 

For Subject HE 

) bicfc ME, M42A1 Prefect*, Lot KC-5: 

Density, gm/cc 

Charge Wt, lb 

Color 

Buff 

fvtedpot Uses: HE projectile end bomb filler 

Tetel He. of Fngnafi 

For TNT 

For Sublet HE 

bbh 

Oast 


X.8l 

V«Mqrt ft/we 

At*f» 

/»»*« 

Dmtty, gm/cc 

WMmmmm 


11 arii n rl 

IVWIIHJU 

i»y 

Mm* (MbHio to TNT): 

Hosord Class (Quantity-Distance) 

Claaa 9 

Air. 

Peek Prwun 

Impulse 

Energy 

Compatibility Group 

Exudation 

Group I 

Aifg Clillllli* 

Impulse 

UiArWHivx 

Peok Pressure 

Impulse 

Energy 

Work to Produce Rupture: ft-lb/inch^ 

Average (10 teste) 

High 

lev 

Efflux Viscosity, Seyholt Seconds: 

* 

1.31 

1.57 

1.07 

9.0 

Peok Pressure 

Impulse 

Energy 

♦Test specimen i/2" x l/2" cylinder (approxi¬ 
mately 3 gm) pressed at 3 tons (6,000 lb) 
total load or 30,000 psi with a 2 minute 
time of dwell. 
























AXCP 706-177 


|wn 


Octol, 70/30} Octol, 75/25 


Preparation: 

feter-vst ffltt it added tlovly to molten HIT In a steam-jacketed kettle at a temperature of 
100°C. Hie mixture la heated and stirred until all moisture Id evaporated, lfce composition 
It cooled to a satisfactory pouring temperature and cast directly Into asounltlon components 
or prepared In the form of chips to he stored for later use. 


References: * 2 

(a) 1st Indorsement from Chief, Explosives Development Section, to Chief, Explosives 
Research Section, Plcatlnny Arsenal, dated 12 May 1958. Subject: "Properties of Octols anC 
HTk-3*" 


(b) A* V. O'Brien, Jr., C. W. Plummer, R. P. Woodbum and V. Phlllpchuk, Detonation Velocl- 
tr terminations and Fteytnt Velocity Determinations of Varied Explosive Sys^aas anA Condi- 
dons, irtiooal ftartharn Report 1&fC-F-13* Psbruarys558" (SS^xect 

iar&-oeo.5oi-aRD-(p) -58). 







T5 


See footnote l, page LO. 
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PB-RBX 


VMRr NHHVVj I^VS 

Condition 
Totryi. gm 

Wax, in. for 50% Detonation 
Wax, gm 
Density, gm/cc 


Mtatafc 

Combustion, eol/gm 
Explosion, col/gm 
Got Volume, cc/gm 
F ormation, col/gm 
Fusion, col/gm 


Ipodffc Moot: col/gm/*C 


3027 

983 


Oxygen, otoms/sec 
(2/sec) 

Heat, kilocolorie/mole 
(AH. kcol/mol) 
Temperoture Range, °C 

Phase 


Aimer Plate Impact Teat: 

40 omb M at t er Pre j e ctH s: 

50% Inert, Velocity, ft/sec 

Aluminum Fineness 

jopg Geaaral Pmpeae Oeasbs: 

Plote Thickness, inches 


Ba m MgUta; 

cm/sec 


normal CeedactWty: 

col/aec/cm/*C 


CnfMott of tapoeslae: 

Linear, %/*C 


I 

Hi 
I Vs 
1*4 


Bomb Dtep Ta*t: 

n, 20004b SemLAtmet^Pietdeg Bomb m Cane r at e : 

Mox Sofa Drop, ft 

5004b Geaeral Patpeae Bomb rs Concr e te : 


Volume, %/‘C 


Teeeg's Madalas: See below 

E J , dynes/cm 3 
E, Ib/inch* 

Density, gm/cc 

Clif»—fri St i f ri i i Ib/ineh 1 2403 2149 

Percent 8.9 13-1 


Veper Pee—are: 

*C mm Mercury 

Young's Modulus: * (a) Temperature 

2 Ambient W*C 

E, lb/iich (avg of 5) 39,953 

Density, gm/cc 1.60 1-57 


Height, fir 
Triols 
Unaffected 
Low Order 
High Order 

1000-lb General Purpose Bomb w Concrete: 

Height, ft 
Triols 
Unaffected 
Low Order 
High Order 


♦Pallets (Lot OAC-596-55) 0.750 Inch diameter by 0.750 inch long, pressed at 30,000 pa' with 
30 -second dwell. 
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FfifMMNMTMh 

fO 9MR HI* M71 MjtctiU , Let WC-tl: 

Density, gm/cc 
Chorge Wt, lb 

Teto! Ik of Frsgmssts: 

For TNT 
For Sublet HE 

3 tedi Hit M42A1 Projectile, Ut KC4: 

Density, gm/cc 
Chorge Wt, lb 

ToM Me. ef Pvogmeats: 

For TNT 
For Subject HE 


Fvegaseet VeMtyi ft/sec 
At 9 ft 
At 25H ft 

Density, gm/cc 


(KMvmTND: 


Air: 

Peek Pressure 


Shaped Cheeps IHirtfrsaw. THT = 1—t 


Glass Cones Steel Cones 

Hole Volume 
HoleDepth 


Cstsrs 

White 

Madge! Uses: 

High ewchenlcel strength 
explosive 


Pressed 


Pressed, psl x 10 




Malhod 

Dry 

Hozord Close (QuontiVDtstonce) 

COess 9 

Compatibility Group 

Group I 

Exudation 

None 


Rockwell Hsrdness 


f wtmmm.* rrrirry; 


R Scale: 


netrstor, 60 


Under Weterx 
Peak Pressure 


Pellet 

No.* 


Peak Pressure 


*Pell«t* (Lot H0L-F-93) were 1-1/2 inche. 
In dl.metor and 3A Inch high. 






















* 'TCP 706-177 


PB-RDX 


Sensitivity of PB-RDX and 98/2 RDX/Stearlc Acid 
resets* to Initiation \>y Type II fecial Blasting 'caps (a) 


Gap (Distance From Bane of Cep to Pellet)* Inches 


Pellets 

( 6.25o 

0.366 


6. Cog 

oTW 

a.saa ■ 

*7&T 

PB-RDX vith Pellet Density 

1.55 eVec 








Ho. of Trials 


8 

5 

6 

2 

1 

1 

Average Depoh of Plate 
Indentation, inches ** 

0.082 

o.090 

0.087 

0.080 

o.oso 



Ho. of Tv- “Mures 

0 

1 

3 

k 

1 

1 

1 

PB-RDX with Pellet Density 
1.60 gm/cc 








Bo. of Trials 

3 

8 

9 

k 

3 

5 

2 

Average Depth of Plate 
Indentation, inches ** 

0.090 

0.089 

0.087 

D.ii-* 

0.087 

0.075 


Bo. of Failures 

0 

0 

2 

“V 

2 

3 

2 

98/2 REX/Stearic Add With 
P.118t Oenalty 1.63 ga/cc 








No. of Trials 

5 

3 


P 

5 

5 

5 

Average Depth of Plate 
Indentation, inches ** 

0.109 

0.096 

0.095 

0.092 

0.097 

0.087 


Ho. of Failures 

0 

1 

0 

3 

k 

k 

5 


* Pellets 0.92 Inch diameter, 0-375 inch height. 
** Mild steel plate 5" x 5" x 1". 


Performance of PB-RDX as Booster: (b, d) 

Ten 2-75 inch HEAT Ml Rocket Heads vere unaffected in performance by storage at 71°C for 
38 days. Thus, PB-RDX uaa not desensitized by contact with TNT-bearing explosives. Tetryl, 
similarly used, becomes desensitized when stored In bursting charges at elevated temperatures. 

In addition, 108 modified M307A1 57 nan projectiles vere fired for performance against 
armor. Bach round contained a PB-RDX booster pellet, ftiere was no evidence in these firings 
that the projectiles vere Inadequately boostered. 
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Preparation: 

The purchase description sheet for polystyrene-bonded HDX (X-RA-PD-1088, 25 October 1956) 
requires that the PB-RDX shall be a mixture of RDX. coated and surrounded by a homogeneous 
mixture of polystyrene and dioctylpnthalate. The specified percentage of RDX shall consist 
of a mixture of 73# 'type B, Class A RDX and 25$ ty>e B, Class E RDX. The granulation of the 
unpressed composition shall be as follovs: 


Through U. S. Standard 
Sieve No. 

Minimum $ 1 

Maximum $ 

6 

100 


12 

60 

.. 

20 

-- 

2 

35 

-- 

0 


Two methods have been reported for the preparation of PB-RDX (Reference: Los Alamos Scien¬ 
tific Laboratory, Contract W-7405-Eng 36 vith U.S. Atomic Energy Comission, Report No. IA- 
lU*8). The earlier method employed a Baker-Perkins type mixer to blend the cooponenba. This 
procedure gave a product with good pressing characteristics. However, the molding composition 
was nonuniform in granulation and tended to be dusty. Die slurry method of PB-RDX preparation 
gave a product which was uniform, free-flowing and dustless. In addition, PB-RDX granulated 
by the slurry method exhibited satisfactory drying, handling and pressing characteristics. 

The final procedure incorporating the better features found from the study of such variables 
as solvents, solvent/plastic ratios, lacquer addition and temperature, agitation, RDX particle 
size distribution, dispersants and rosin additive, was as follows (Reference c): 

Forty-two and five-tenths grams (42.5 gm) of polystyrene and 8 cc dioctylphthalate were 
dissolved in 200 cc toluene in & lacquer dissolver. Steam was introduced into the Jacket 
until the temperature reached 65°C. The lacquer was agitated constantly until it was ready 
to be added to the granulator. This lacquer contained a 1:4 ratio of plastic-plasticizer to 
toluene. 

Four hundred and fifty grams (450 gm) of RDX and 4500 grams of IU0 (ratio 1:10) were added 
to the grenulator. The agitator was set for 400 rpm and the temperature was raised to 75°C 
by introducing steam into the Jacket. Die tenperature differential between the lacquer solu¬ 
tion and the RDOC/water slurry was 5° to 10°C. 

The lacquer solution was poured through the charging funnel into the granulator. As soon 
as the lacquer was added, a solution of gelatin in water was added, and the mixture was agi¬ 
tated until the lacquer was well dispersed in the RDX slurry (approximately 5 minutes). Granu¬ 
lation took place at this point. Steam was introduced again into the Jacket to distill the 
solvent until the temperature reached 98°C. Cooling water was then run into the Jacket to 
cool the batch to 40 C. The coated material ffom the granulator was collected or? a Buchner 
funnel end dried in a tray at 70°C for 24 hourt. Temperatures below 70°C did not furnish 
enough heat, but a temperature of 80°C produced stickiness and caking of PB-RDX. 

Origin: 


An explosive consisting of RDX coated with polystyrene plasticized with dleetyphthelate 
was initially developed in 1952 for the Atomic Energy CooauiBSion by Los Alamos Scientific 
Laboratory of the University of California (contract W-7405-Eng 36 with U. S. Atomic Energy 
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PB-RPX 


Qoaai talon, Import So. IA-1U8). ftm apedflc tamOatlon of 90/8*5/1*5 Rntfpolyetyrene/ 
dloctylpbthfcXtte «m eu be eq aan tly atandardlaed by Urn Aliaoi. Tbis aaploaiya, ortginally 
daelipated IW, baa boon redealjtiated PB-RBK* fbe detailed repair—anta for the promt 
polyatyrant-bonded RDT(FB-iaSC) are girta in purchase description X-RA-PD-1068, 25 October 1956* 

Beforeno—: 53 

(a) B* J. Zlotucbe, T. V* Start qa and C. I. Jeoobaon, Characteristics of Polystyrene- 
Boodad RMCtFB-Rnfl, PATH So. 2^97, April 1958. 

fb) A. J. Faacemio. Tba Suitability of a Bart PBX Boot tar FaUat in tba 2*75 lach HI HBAT 
Pocket Bead. HUB Bb. 2Sffi, -“- -“-- 

(e) J. L. YandUion mad R. C* Dubberly, Plastic-Bonded KEBC, Ita Preparation by tha Siurry 
Method, Platen Defeat* Corporation, Control So. 55TT5 dories A. [ik6 ToBIJTT mroh t&i* 

(d) C. J. Blchlnger, Report on Chrtridae HB*T ST an M307A1 (Hod) with Hodifiad Popper 
Linar, Aberdeen Proving Ground, Daralopnant and Proof Services, 71 rat Raport on ot mjact 
3ft3-520k, October 1957* 




AXCP TOt-177 


i^pftrythrltol Prlnltftt (PWRIK) 


IMmmIm Wrigfttt (C s H,N,0j O ) 

271 

°"csri . 

-27 

CO % 

3 

PeotEyi gm/cc 

1.5^ 

MrtNog Nloti *C 

26 to 26 

rVfBD^ rWt V 

Bettog Nhrtt *f 4 hi Hg Decart>ooet 

130 


% 

C 22.1 


H 

H 


3-3 

15-5 


0 59-1 

C/H Ratio 0.1*1 


CHgQliPg 

HOCHg—| —CBgOROg 
CHgONOg 


Import 2 Kg Wh 

Buroou of Mines Apporofus, cm 
Sompto Wt 20 mg 

Picotinny Arsenol Apparatus, In. 5 to 10 
Sompie Wt, mg 38 


i T«H* 


Stool Sto 
Flbor Shoo 


Tort: 


Explosions 

Pdrtioift 

Burned 


Triols 

% 


f& 

R& 


Voco —1 ItoBBBy Tort: 

cc/40 Hrt, ot 
90*C 

ioc-c 

120*C 

135*C 

150'C 


2.54 to 5.69! 


food Tort: 


Send, gm 


Seconds, 0.1 (no cop used) 
1 
5 
10 
IS 
20 


75*C lot—ottoool Hort Tort: 

% Lost in 48 Hrt 


ItrC Hoot Tort: 

% Lott, 1st 48 Hrt 
% Lott, 2nd 48 Hrt 
Explosion in 100 Hrt 


% 


Minimum Dstonot ln g Chorgo, gm 
Mercury Fulminate 
Load Azide 
Totryl 


M*rfOf, % TNT: 


Treed Tort, % TNT: 


flito Boot Tort: 


Condition 
Confined 
Density, gm/cc 
Britonco, % TNT 


i Roto: 

Confinmont 

Condition 

Charge Diameter, in. 
Density, gm/cc 
Roto, motors/socond 
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Pentaerythrltol irl nitrate (PETRIN) 


Fff ■>■!!■■ Tost: 


90 mm HI# M71 Projectile, Lot WC-91: 

Domify, gm/cc 
Charge Wt, lb 

T^al kU a| BiMMMlti 
I PH Iwi Of rV^pniOTTl* 

For TNT 
For Subject HE 

3 Inch HE, M42A1 Pmjactila, Lei KC-St 
Density, gm/cc 
Charge Wt, lb 

■ otoi no* of no^^ovii 

For TNT 
For Subject HE 


hipiit Y e t ecO y: ft/sec 
At 9 ft 
At 25Vfc ft 

Density, gm/cc 


Meet (KeMve te TNDs 
Ain 

Peak Pressure 

Impulse 

Enwgy 


Alt, Ces»Mt 
Impulse 


$l»epe4 Charge Iffac h vaaatt, TNT = 100: 

Gloss Cones Steal Cones 

Hole Volume 
Hole Depth 

Color: White 

PvfacJpa! Uses: Explosive, propellent or 
igniter ingredient 


L aad la g Density: gm/cc 

Method Dry 

Hazard Class (Quantity-Distance) 

Compatibility Group 

Exudation None 

PETRIN esters ere listed in reference (b) 
end most of these esters have been shown to 
have explosive properties. 


Unde* Weien 

PnS ?*essure 

Impulse 

EMrgy 


Peak Pressure 


Impulse 

Energy 

Absolute Viscosity, poises: 

Temp, 17°C 
23 °C 
28°C 
38°C 


lv‘.8 

J..2 

3.0 

1.2 


An infrared spectrophotometric procedure 
was developed for the determination of the 
acetone consent of PETRIN (ref c). A 2.5 gm 
sample of PETRIN is dissolved in chloroform 
and the volume increased to 25 milliliters in 
a volumetric flask. The acetone content of 
the PETRIN solution is determined by ita infra 
red abaorption at 5*82/4 in a 0-5 mm cell. A 
double beam method is used with a reference 
cell containing chloroform and acetone-free 
PETRIN. The quantity of the latter must be 
carefully adjusted to give e good balance be¬ 
tween the test sample and reference cells for 
the strong PETRIN peek at 6.02/1 maximum. 

Heat of: 

Explosion, cal/ 7 m 


120k 
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Pentaerythritol Trinitrate (PBTRIK) 


Preparation: 


CfCHgOH)^ + 

3HN0 3 

HgSO^ 

- -. + 

OHCHgCtCHgNOj'j 

* 3^0 

pentaerythritol 

nitric 

sulfuric 

pentaerythritol 

v»t«r 

MW 1?6 

acid 

MW 63 

acid 

MW 98 

trinitrate 

MW 271 

MW 18 


The earlier procedure used for the manufacture of PETRUi vae that developed at Alleghany 
Ballistics Laboratory. In this process, called the "A process," 8o£ HR0i ; and the solid pen- 
taerythritol were charged to the reactor and 80£ HgSO^ vae added slovly at a rate to permit 
control of temperature at 0° to 5°C. Ibis mixture was held for a 2-l/2-tour reaction period, 
then drowned in water and filtered to give a cake containing both the tri- and tetra-nitrates 
of pentaerythritol. The cake was dissolved in acetone and neutralized in solution with am¬ 
monia carbonate, after which the PETR «.-s precipitated by the addition of water. After fil¬ 
tration, the PETRUi was recovered from the filtrate by stripping off the solvent under vacuum. 
Yields by this process averaged about lO#. 

An improved process, called the "B process," used the same priamry reaction procedure but 
a different work-up procedure. After the reaction holding period, water was addpd to dilute 
the mixed acid and the batch was extracted in situ with metbylere chloride. The organic 
layer was separated, neutralized with aqueous sodium bicarbonate, and stripped of methylene 
chloride under vacuum to yield the product directly. Yields by this process were about 50$ 
and quality of the product was much improved over that of the "A process." 

The "C process," currently in use, involves essentially the simultaneous synthesis and 
extraction of PETRUi from tie reaction mlxt’ire. Methylene chloride approximately equal to 
the xoual weight of the other components Is added to the reaction mixture before the sulfuric 
acid. After a ouitable time following the addition of aulfurlc acid, the solvent la ramoved 
and re r seed by fresh solvent one or more times. The combined extracts are neutralized and 
conceucrated. Because of their initially relatively large volume, PETE —be r—.oved by 
filtration from the concentrated PETRUi solution before the final solvent la stripped. Yields 
by this process have been 6<# to 65 #. 

Origin: 

The nitration products of pentaerythritol or itc derivati\ containing not more than three 
HOo groups were patented for use as explosives, propellants or ignition materials in 193^ 
(Gezican Patents 638,132 and 638,133; CA 31 , 1212 (1937)). 

A process in which pentaerythritol monoacetate va a converted to pentaerythritol trinitrate 
monoacetate, vh<ch was then saponified under carefully controlled conditions to PETRIH, was 
reported in 195 I (E. S. Marans, L>. E. Elrick and R. F. Preckel, J Am Chem Soc To, 1301). 

~*7rRIH was also prepared by the nitration of pentaerythritol with a mixture of"T5o£ fflfOa and 
BO% HoSOh in 1955 fA. T. Camp, N. S. Mbrans, D. E. Elrick and R. F. Preckal, J Am Chem Soc 
77, 751). 
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Paata agythrltol Trlultrata (P1TKDI) 


Rafarancaar^ 

(a) Mai and Bum Coapaagr, Aadatona Araanal nmaioa, Procaaa for tha IMuftctura of 
f*grtaagthrltol &tsltgata tt o poacnflata and Patrln Aery lata foopallantTT 
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Pentwythvltol Tfrlnitroacrylate (PBTftp* Acrylat#) 
(hrinltroxyp»ntatrytnrltol Acrylate) 
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AMCP 706*! 77 


Pent«Tythr 1 tol TrinitroncryI«te fPETRIN Acryl«t« 




Sbept d Charge TNT - 100: 


00 mi Hit M71 Prejectile, Let WC-tl: 

Density, gm/cc 
Charge Wt, lb 

Tetel Nt. tf F regeaeetf : 

For TNT 
For Subject HE 

3 inch HE, M42A1 Pieioctile, Let KC-5: 
Density, gm/cc 
Charge Wt, lb 


Ttil No. ef NfnMlt: 

For TNT 
For Subject HE 


frig— t VoWdtw; ft/sec 
At 9 ft 
At 25V* ft 

Density, gm/cc 


BtoHRelettoteTNT): 


Gloss Coots Sttti Cones 

Holt Volume 
Holt Depth 


Cukor. 


White 


Principe! Uses: Ingredient of composite 
rocket propellants • 


into P e nalty : gm/cc 


Method Dry at temperatures belov 

melting point 

Hozord Class (Quantity-Distance) 


Air: 

Pvok Pressure 

Impulse 

&wgy 


Aif, €«&=•* 
Impulse 

Ueder Water: 
Peok Pressure 

Im njlse 
Energy 


Compatibility Group 

Exudation None 


. Heat of: 

Combustion, „i./gu 2923 

Explosion, tal/gm 791 


Undevgteemd: 

Peok Pressure 

Impulse 

Energy 
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I 


' 1 


pentaerythri jl irlnltroacrylate (PETRIN Acrylate) 


Preparation: 


(«) 


H0CH 2 C (CH2 N 0 3)3 


CHg • CHOOC1 f C 6 H 5 N(CH 3 ) 2 


pentaerythrltol 
trinitrate (PETRIN) 

MW 271 ^ 

(OgNOCHg)^CCHgOCCH 


acrylyl 
chloride 
MW 90-5 


dimethyl 
aniline 
MW 121 


CHg ♦ C^NfCH^^HCl + 


pentaerythritol trinitrate mono- dimethylanine 

acrylate (PE1RIN acrylate) hydrochloride 

MW 325 

The original synthesis for PETRIN acrylate employed trifluoroacetic anhydride and glacial 
acrylic add as the acrylatlon agent for PETRIN. These two materials vere charged to a re¬ 
action vessel and the initial reaction vas controlled by the slov addition of PETRIN at a 
temperature of 10° to 15°C. Following a period of one hour, the batch vas drowned in water, 
precipitating the PLIRIN acrylate. This solid vas separated by filtration, dissolved in chlo¬ 
roform, and neutralized in solution with sodium bicarbonate. The product was then crystal¬ 
lized during a period of 16 hours at 0°C and dried under vacuum to remove traces of solvent. 
The yield for this process was about 60$. 


A significant improvement in yield (to about 74$) and purity (approximately 98$) was 
realized by the substitution of methanol for chloroform and crystallization of the product 
from the solution without neutralization, residual acid being removed by washing the filter 
cake with water. 


Because of the high cost and hygroscopic nature of trifluoroacetic anhydride, a new pro¬ 
cess, based on dime thy lani line '*nd acrylyl chloride, was considered. This process is cur¬ 
rently under development In iae Rohm and Baas Chemical Processing facilities and Is not con¬ 
sidered optimum. Yields averaged 1*6$ and product purities averaged 93*5$* 

PETRIN Acrylate Propellants: 

PETRIN acrylate could be used as a monopropellant because It has a specific impulse of 
21b lb-sec/lb and a burning rate of 0.2 in/sec. The addition of an oxidizer increases both 
the impulse and burning rate. 

A composition which preeantly appears most promising is as follows: 


PETRIN acrylate (> 9^$ purity), $ 
Triethylene glycol nitrate, $ 
Glycol diecrylate, $ 

Ammonium perchlorate, $ 
Hydroquincne, $ 


oeltion NM 
(tinder) 

11.8 (plasticizer) 

2.9 (crosslinker) 

51.0 ( oxidizer) 

0.014 (polymerization inhibitor) 



Measured specific impulse 23d lb-sec/lb, at density of 1*3* 


Reference: 5 ' 


(a) Rohm and Haas Company, Redstone Arsenal Division, Process for the Manufacture of 
Pentaerythritol Tetranitrate Monoecrylate and Petrin Acrylate Propellants , March 1956* 


^See footnote 1, png* 10. 
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Pentolite 


Molocnlor Wtlffcf 


fcnpnct T oneltitity, 2 Kg Wt: 


Zgo 

10/90 

Bureau of Mines Apporotas, 

cm 

65 

Sample Wt 20 mg 



ik 

Picotinny Arsenal Apparatus, in. 

12 

Sample Wt, mg 


15 

18 

rVICVVM fpMViPR • 




SfMlShM 



Unaffected 

fiber Shoe 



Unaffected 

IMt l«N« la#Mt T«l: 25 Triott, 

50/50 



% 



Explosions 

72 



Portiob 

20 



Burned 

0 



Unaffected 

8 



feptitisn Temperature: 

•c 

50/50 1 

Seconds, 0.1 ino cap used) 

290 



1 

266 



5 Decomposes 

220 



10 

20k 



15 

197 



20 

>190 



75*C Into;notional Hoot Test: 




% Lou in 48 Hrs 





100 a C Meet Test: 

% Lou, 1st 48 Hn 
% Lou, 2nd 48 Hrs 
Explosion in 100 Hrs 


50/30 

0.0 

0.2 

None 


HmmuMMfy Index: Will not continue burn 


Myffifcopkity: % 

ypc, 90 % rh 


Oxygen Belnnce: 



CO* % 

-42 

.68 

CO % 

- 5 

•21 

Density: gm/cc 

1.65 

1.6o 

*UM* htat: *C 


76 

framing Point: *C 


a^in^ if 

ppnaj rwH • 


Refractive Index# nS 

n5 


Vecoom Stability Teel: 

cc/40 Hrs, ot 
90 °C 

100°C 

120°C 

135 # C 

150 W C 


200 Gran I 

Sond, gm 


Voiotility: 


deJUftic Mortar# % TNT: 


Tranxl Tort# % TNT: 


Plote Dent Teel: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 


Detonatio n Rote: 

Confinement 

Condition 

Chorge Diameter, in. 
Density, gm/cc 
Rote, meters/second 



















Pentollte, 50/50; lO/'A) 
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Booster Sensitivity Tel: (d) 

50/50 

Condition Pressed 

Cast 

Tetryl, flm 100 

100 

Wox, in. for 50% Detonotion 

2.36 2.03 

Wax, gm 


Density, gm/cc 1*60 

I.65 

Neat el: 


Combustion, col/gm 


Explosion, cal/gm 

1220 

Gas Volume, cc/gm 


Formation, col/gm 


Fusion, col/gm 


Specitic Heat: cal/gm/ X 

Baraing Rata: 


cm/sec 


Thermal Conductivity: 


col/sec/cm/ X 


Coefficient of Expansion: 


Linear, %/°C 


Volume, %/X 


Hardness, Mobs' Scale: 

Young's Modulus: 


E', dynes/cm 2 


E, lb/inch 2 


Density, gm/cc 


Compressive Strength: lb/ inch 2 

2000-2200 

Dens^v, gm/cc 

1.66 


P icowyil t iiM lyw t toi ; 

Oxygen, a roms/sec 
(Z 4 tec) 

Hear, kilocolorit/mole 
UH. kcal/mol) 
Temperature Ronge, °C 

Phase 


Annor Plate Impact Test: 

40 mm Mortar Projectile: 

50% Inert, Velocity, ft/sec 

Aluminum Fineness 

500-lb Geaeral Purpose lembe: 

Plate Thickness, inches 


Vapor Pressure: 

X 


iamb Drop Test: 

T7, 2600-& Semi-Armor-Piercing Bomb vs Caacrote: 

Max Sofe Drop, ft 

500-lb General Purpose Bomb w Caacrote: 

Height, ft 
Triols 
Unaffected 
Low Order 
High Order 

1000-lb General Purpose Bomb w Concrete: 

Height, ft 
Trials 
Unaffected 
Low Order 
High Order 


mm Mercury 

















AMCP 706-177 Pentollf. 50/50; 10/90 


FMgnMMiMTnfc 50/50 

M mm HI, M71 U» WC-*1: 

Doniity, gm/cc 1 . 6 $ 

Charge Wt, lb 8.1.1*7 

Ta4J Ua m - 

■ VIVI 9f nV^Wnii 

For TNT 703 

For Subj< <t HE 963 

3 iodk HI, M/OA1 Ut KC-St 

Density, fm/cc I .65 

ChorgtWf. lb 0.872 

T«N) Ho. of Pw pmti : 

For TNT 51^ 

For Subject HE 6 50 


Yflwilys ft/sec 

At 9 ft 2810 

At 25V* * 2580 

Density, gm/cc 1.66 


West (Mali** to TNDs (0) 

Ain 

Peak Pressure 105 

Impubo 107 

Energy 


SNH Charge IHect N eoe s i, THT = 100: 

50/50 10/90 50/50 25/75 

Gtau Con*t(f) Start Conn (g) 
Hot. Volum. 157 105 1U9 119 

Hot. 0«pth ll 6 116 131 119 


Color: Yellow-white 


Me sip si Unu Shaped charges, bursting 

charges, demolition blocks 


Mafhed of Ustfo|: Cast 


ln<«| OMHtty: gm/cc 50/50 10/90 

1.65 1*60 


Method Dry 

Hozord Clou (Quontity-Distoncs) Class 9 

Compatibility Group Group I 

Exudation 


Air, CeoHoed: 
Impubo 


Usdor Water: 

Peak Pressure 
Impulse 


Compatibility with Metals: 

Dry: Copper, brass, aluminum, magnesium, 
magnesium-alumlnum alloy, mild steel coated 
with acid-proof black point, and mild steel 
plated with copper, cadmium or nickel are not 
affected. Zinc plated steel Is only slightly 
affected. 


Erurgy 


Pack Pressure 

Impulse 

Energy 

Eutectic 7ifspernture, °C: 76 

gm PETTJ/100 go TNT 
76°C 
95°C 


We*.: Stainless steel, slumlnum and mild 
steel cor ted with scid-proof black paint are 
not slfe ted. Copper, brass, magnesium, mag¬ 
nesium-aluminum alloy, mild steel and mild 
steel plated with copper, cadmium, zinc or 
nickel are slightly affected. 

Effect of Temperature on (h) 

Rate of detonation: 

16 hra at, °C 
Density, gm/cc 
hate, m/aec 


15/50 

-5k 21 

1.67 1.66 

71*70 711*0 


13-0 

2fi,3 





I 




Pantollte. 50/50; 10/90 


AMCP 706-177 


Preparation; 

Pentolite Is manufactured by either the Blurry method or coprednltatlon of PETR and TTTT. 

In the Blurry method PETR, in eater, le stirred and heated above 80°C. TRT la added and when 
molten. It coats the particles of PETO- The slurry is cooled vith rapid stirring and the sepa¬ 
rated granules are collected on a filter and dried below 75°C. 

In v. ^precipitation, PETR and TRT are dissolved separately in acetone. The solutions are 
mixed and the explosives are precipitated simultaneously by pouring the mlxv'd solution into 
cold vater under vigorous agitation. The precipitated solid is collected on a filter and 
dried in air. 


Standardised during World War II, vith the 50-50 PETR/TRT mixture being the more important 
for bursting charges and booster-surround charges. 

References: 56 


(a) L. C. amth and E. 0. Eyster, Physical Testing of Explosives, Part III - Miscellaneous 
Sensitivity fleets; Performance Testa, OSRD Report fro. 57**6> 27 December 19^5* 


(b) Philip C. Keenan and Dorothy Pipes, Table of Military High Ex pl osives, Second Revision, 
HAVORD Report Ho. 87-1*6, 26 July 1&6> 

(c) D. P. MacDougall, Methods of Physical Testing , OSRD Report Ho. 803, 11 August 19^*2. 

(d) L. C. Smith and S. R. Walton, A Consideration of KDX/Wbjc Mixtures as a Substitute for 
Tetryl in Boosters . HOL Memo 10,303, lTJuneTsE^ 

^e) W. R. Tomlinson, Jr., Blast Effects of Bomb Explosives , PA Tech Div Lecture, 9 April 


(t) Eastern Laboratory, du Pont, Investi&von of Ca v ity Effect. Sec in, Variation of 
Oavlty Effect vith Btploslve Composition, TOC’Contract W672-0R3-5723- 

(g) Eastern Laboratory, du Pont, investigation of Cavity Effect , Pinal Report, Contract 
W-672-0RD-5723, E. Lab, du Pont, 18 September 1§FT 

(h) W. F. McGarry and T. W. Stevens, Detonatlcm Rates of the More Important Military Explo¬ 
sives at Srveral Different Temperatures , MT!Ofo.2383> NoveKer 1956. 

(i) Also see the following Pica tinny Arsenal Technical Report on Pentolite: 


0 

1 

2 

I 

k 

1 

6 

7 

8 

1360 

1291 

1212 

1133 

1281* 

1325 

11*36 

11*77 

1388 

ll»20 

1451 

1262 

1193 

2001* 


11*66 

1677 

1598 

1570 

1651 

137^ 

1213 



1796 

1737 

1668 




1363 





1838 


* 6 See footnote l, page 10. 
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PLIW (Pentaerythrltol Tetrenitrete) 


C/H Rctio 0.13^ C 

I m pe et Se ns ithity, 2 K| Wt: 

Bureou of Mints Apparatus, cm 
Somplt Wt 20 mg 
Picatinny Arsenal Apparotus, in. 
Somplt Wt, mg 


ItfncHvt Index, n£> 


IJrtlf - JL — 
vvWVfVM rfNiimm l9Pv« 

Steel Shot 
F? Mr Shot 

Rifle Bullet Impact Test: 5 Trials * 

% 

Explosions 100 

Partiols 0 

Burned 0 

td 0 


Creck-Les 

Unaffected 


Vacuum Stobility Test: 

cc/40 Hrs, ot 
90 a C 

100 fl C 

120°C 

135*C 

150 a C 


Explosion Ttmpsmfuft: °C 

Seconds, 0.1 (no cop used) 272 

1 2kh 

5 Decvxapoeet 225 

10 211 

15 

20 

73 a C International Hoot Test: 


% Loss in 48 Hrs 

0.02 

100 e C Httf Test: 


% Loss, 1st 48 Hrs 

0.1 

% Loss, 2nd 48 Hn 

0.0 

Explosion in 100 Hrs 

None 

Flammability Index: Will not continue 

to burr: 

Hygroicapkity: % 30 °C, 90 ? EH 

0.0 

Volatility: 

0.0 


200 Gram Bomb Sand Tost: 

Sond, gm 


62.7 

Soneithrity fa Initiation: 

Minimum Detonating Charge, gm 


Mercury Fulminote 


0.17* 

Lead Azide 


0.03* 

♦Alternative initietln 


— 

Ballistic Mortar, % TNT: 

(•) 

1^5 

Traaxl Test, % TNT: 

(b) 

173 

Plata Croat Test: 

(c) 


Method 


A 

Condition 


Pressed 

Confined 


Yes j 

.Density, gm/cc 


1.50 ] 

Brisance, % TNT 


129 ] 

Detonation Bate: 

Confinement 


None 

Condition 


Pressed 

Charge Dnmeter, in. 


1.00 

Density, gm/cc 


1.70 

Rote, meters/second 


8300 













PSTO (Pent«ary*.hrltoI lttrinltr>t») 
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CaaaUImIUi VAaA a 

Condition 
Tetryl, gm 

Wax, in. for 50% Detonation 
Wax, gm 
Density, gm/cc 

Meet el: 

Combustion, col/gm 
Explosion, col/gm 
Gets Volume, cc/gm 
Formation, col/gm 
Fusion, col/gm 

Specific Heel: col/gm/°C 
Room Temperature 


taming Rote: 

cm/sec 


Thermal C sn dn c t Mty: 

col/sec/cm/*C 


CecffkUt el Kxponsien: 

Lineor, %/*C 

Volume, %/°C 


Hardness, Moh s * Scale: 


Young's Modah rs : 

E', dyne*/cm a 
E, lb/inch 3 
Density, gm/cc 


C o m pre ss ors Stre ngt h : Ib/inch* 


Vapor Pressure: 

•c 


(c) 

Pressed 



5 (Z/soc) 

Hoot, kiiocolorie/mole ^T-0 50.9 

(AH, kcol/mol) 

3 T«np*roturi Rang., “C l6l-233 108-120 


1.6 


I960 

1385 

790 

383 


Phose Liquid Solid 


Armor Plate Impact Test: 

60 mm Mortar Projectile: 

50 % Inert, Velocity, ft/sec 

Aluminum Fineness 



52.3 

137-157 

At malt¬ 
ing point 


(d) 

0.26 


SOCMb General Purpose iambs: 

Plote Thickness, inches 
] 

1% 

1 Vfc 

1% 


Bomb Drop Test: 

T7, 2006-% Semi-Armor Piercing Bomb vs Concrete: 

Max Sole Drop, ft 


Height, ft 
Trials 
Unaffected 
Low Order 
High Order 

1000-lb General Purpose Bomb w Concrete: 

Height, ft 
Trials 
Unoftected 
Low Order 
High Order 


mm Mercury 


















SImH CWf* jWwHyoiW, TNT = 100: 
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r lenedi chloride 


Methanol 


Tetrachloroethane 


Carbon 

tetrachloride 












AMCP 706-177 PBCT (Pentar:»y'urltol Tetran*trate) 



Isopropanol 

Isobutene) 

Chloroform 


TNT 

!s 

i 

°s 

t 


i 

o„ 

i 

15 

0.02 

20 

c 27 

20 

0.01 

80 

19.3 

20 

0.0*' 

30 

0.31 



85 

25.0 

30 

0.15 

Uo 

0.39 



90 

32.1 

ko 

0.36 

50 

0.52 



95 

39.5 

50 

0.V6 





100 

U8.6 





about 13* PEW. 


105 

58.2 


Eutetic of the 

system PSTN- 

TNT is 


110 

70.0 


and 87^ TNT at 

76°C. 




115 

87. £ 







120 

115 







125 

161 


Preparation: 

( Nitroglycerin and Nltrpglycexln iSxploslves , Naoum) 

8HCH0 CH3CHO ♦ C^(0H)2 —' > PcCCHgQH)^ * Ca(RCOO) g cCCHgOKjj, 4 - UHNO^ CfCHgONO^ -»■ 4HgO 

1* In this preparation 19ko gm of fonaaldehyde and 600 gm of acetelieh^ de are dlaaolved 
in 90 Uteri of water containing 1600 gm suspended slaked lime. The reaction la cosplete in 
about 3 weeka if agitated several time* a day. The solution lu filtered, the calcium formate 
precipitated with oxalic acid, filtered off, and the water removed under reduced preiauie. 

On cooling the mother liquor about 1200 gm crude pentaery-thritol, melting point 235°-2kO°C 
are obtained. Purification is rer.di.ly effected by • tlrrU# with a little alcohol, filtering 
and recryatalli zation from water. 

2. T1 400 cc of strong white nitri' cid, are addad 100 gm of pentaerythritol (through 
50 mesh), at 5°C or below, under good ag< ition. After add!tior is complete stirring, <*t 
5°C, is continued for 15 elnutes. The mixture is drowned in 3 liters of ice-water, filtered, 
the product washed free of acid with water and then digested 1 hoc- in 1 liter of hot 0o£ 
sodium carbonate solution. The product is filtered, and recrystalllzed from acetone. 


PETS was known as an explosive in lf;9^ when it was proposed as an add? J !on to smokeless 
powders to raise their flammability and ease of combustion (German Patent 8l,66A (189^). 

Modam methods of preparation are described by Vignon end Garin (Compt rend 135, 590 ( 1901 ) 
and German Patent 265,025 (1912) and A. Stettbacher (2 ges Schlees - SprengsVffv 11, 112, 

102 (1916) and 2k, 259 (1929)). PETS was not used or, a practical basis until after World War I. 

Destruction by Chemical Decomposition: 

PETS is d .-onpoc by din-solving in 8 times its weight of technical grade acetone and burn¬ 
ing the solution i d shallow container. If preferred, v-ru the acetone solution to 1*0°C, 
stir and add 7 parts by weight, to each part of PF1TJ, of a solution of 1 part sodium sulfide 
(Ha 2 S-9Rp°) in 2 pails water heated to 80°C. The aqueous solution should be added at such a 
rate that the acetone solution does not boil. After mixing ic complete continue stirring for 
one-half hour. 
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PSTN (pcntaerythrltol m etranltrate) 


References: 37 


(a) L. C. Stoitb and G. tester, Physical Testing of Explosives, Part III - Miscellaneous 
Sensiti vi ty Teste; Performance 'Tests - OSRD Report No. 5746, 2" December 19^5- 

(b' y Pfc. Naoun, Z gea Schless - Sprengstoffw , pp. l5l, 229, c6j (27 June 193?). 

(c) D- P. MacDo'igall ; Methods of Physical Testing , OSRD Report No. 803, 11 August 19^2 • 

(d) International Critical Tables . 

(e) A. Cook and M. T. Abegg, "Isothermal Decomposition of Explosives/’ University of 
Utah, Ind & Eng Chem , (June 1956)> PP- 1090-1095. 

(t; A. J. E. Robertson, "The Thermal Decomposition of Pencaerythritol Tetranitrate, Nitro¬ 
glycerin. Ethyienediamir.e Dlnitrate and Ammonium Nitrate." J Chem Ind 67 . 221 (19^8). 

(g) F. W. Brown, D. H- Kusler and F. C. Gibson, Sensitivity of Explosives to Initiation 
by Electrostatic Discharges , U.S. Dept of Int, Bureau of Mines, RI 3^52, 19^6. 

(h) Vex ious sources in the open literature. 

(i) W. S. Cramer, Bulk Compressibility Dn*a on Several High Explosives , KAVORD Report No. 
U 380 , 15 September 195^“ 


(j) Also see the following Picatinny Arsenal Technical Reports on PETN: 


0 

1 

2 

1 

4 

2 

6 

7 

6 

2 

760 

1041 

772 

8^3 

90b 

1305 

1246 

b07 

318 

1379 

1170 

1311 

922 

863 

1271* 

1325 

1276 

527 

6j3 

1429 

1260 

1381 

1182 

IO03 

128b 

M5 

1316 

857 

12?8 

1489 

1290 

1451 

1192 

1133 

Iblb 

1T05 

13T6 

1217 

1318 

155 q 

1300 

1561 

1212 

1253 


1885 

1446 

1517 

1383 

2179 

1320 

l6ll 

1262 

13^3 


2125 

1456 

1617 

1368 


1360 

1651 

2 3^2 

1^93 



1466 

1737 

15 98 


2380 


1352 

1533 



1556 

1797 

I83O 


13^0 


1372 




1796 


2178 


1V30 


11*52 









1^50 

1570 


JH1 
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Plcrmlde (TOA) (2,4,6-Trlnltroanlllne 


C 31-5 

H 1.8 o 2 n -|V sc 0 

N 24.5 N/ 

0 42.2 N0 2 

C/H ftotie 0.500 

wUtecular Waifht: (CgH^Og) 228 

Oxygon Balance: 

CO; % -56 

CO % -14 

Density: gm/cc Crystal 1-76 

Melting Point: *C 189 to 190 

Froocing Point: °C 

Impact SitaMy, 2 K| Wl: 

Burtou of Mines Apparatus, cm 

SompJt Wt 20 mg 

Picotinny Arsenal Aoporotus, m. 23 

Sample Wt, mg 20 

Boiling Point: *C Decompose® before boiling 


Friction ^orivlwi Teat: 

Stoo 1 Shoe 

Fiber $hce 

Vecmtm Stobility Teat: 

:c/40 Hrs, ot 

90 "C - 

100"C 0.9 

120°C 

135X 

150°C 

lUftc Bullet Impost Teat: Triols 

% 

Explosions 

Panic's 

Burned 

Unaffected 

200 Grom Bomb Send Teat: 

Sard, gm L8. \ 

Explosion Temperature: c C 

Seconds, 0.1 (no cop used) 

1 

5 

10 

15 

20 

Sensitivity to Initiation: 

Minimum Detonating Charge, gm 

Mercury Fulminote * --- 

L-od Azide Q. 30 

Tstryl ---- 

B«MMc Mortar. % TNT: KX) 

Treuxl Test, % TNT: 107 

75*C International Hoot Teat: 

% Loss in 48 Hr* 

Plata Dent Test* 

Methcd 

Condition 

Confirmed 

Density, gm/cc 

Brisance, % TNT 

100°C Hoot Teat: 

% Loss, 1st 48 Hrs 
% Loss, 2nd 48 Hrs 

Explosion m 100 Hrs 

Detonation Bata: 

Confinement None 

Condition Pressed 

Charge Diameter, in 0-5 

Density, gm/cc 1 * 7£ 

Soft, meters/second 7300 

Flammability Index: 

Hygroscopic ity: % 

Volatility: 










Pi eraaide (TNA 
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) (2 > ^ > c-?rinltroanillne) 


FrtymiUitiii Tact: 

Shaped Charge Effectiveness, TNT = 100: 


90 mw HI, M71 Projectile, Lot WC-91: 

Gloss Cones Steel Cones 


Density, gm/cc 

Hole Volume 


Charge Wt, tb 

Hole Depth 


Total No. ol Freymoaft: 

Color: Yellov j 

For TNT 

For Subject HE 





Principal Usee: High temperature heat 


3 iach MK, M42A1 Prafectilc, Lot KC-S: 

r&sistant explosive 


Density, gm/cc 

Charge Wt, lb 



Total Na. af FrafMMti: 

For TNT 

For Subject HE 

Method at Loadlag: 

Pressed 

Loodlef Density: gm/cc 


Frofwoat Velocity: ft/ see 

At 50,000 psi 

1.72 

At 9 ft 

At 25 ft 

Storage: 


Density, gm/cc 

Method 

Drj 

licit (Relative to TNTi: 

Hazard Class (Quantity-Distance) 

Class 9 

Air 

Compatibility Group 

Group I 

Peek Pressure 

Impulse 

Energy 

Exodotion 

!Ione 

Air, Ceafiaed: 

Solubility: 


Impulse 

Insoluble in vs ter, slightly soluble in 
alcohol and ether. Soluble in hot glacial 

llader Water 

acetic acid, hot ethyl acetate and 

in benzene 

Peok Pressure 

and acetone. 


Impulse 

Energy 

Heat of* 



Combustion, cel/giri (a) 

2962 

Uedcrg raced: 

Explosion, cal/gm 

56b 

Peak Pressure 

Impulse 

Energy 

Formation, caL/gm (a) 

131 
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Picramide (1NA) (2,4,6-Tfinitroanillne) 


Preparation: 


Five grams of picryl chloride were dissolved in l80 milliliters of absolute methanol. 

The solution was then satur*»wed vith anhydrous, gaseous ammonia. The time required was 
approximately 30 minutes- The arino derivative precipitated in 75$ yield ( 3.6 gro) melting 
at 190°C (literature MP 189°C). 

Origin: 

Picramide (2,h o-trinitroaniline) was first prepared in 1654 by Pisani who treated picryl 
chloride vith ar .onium carbonate (CR ^9, 533)* The use ol’ picramide, as a brisant explosive, 
vas patended by Chemlsche Fabri.k GriesKeim 26 May 1894 (German Patent 84,628). Meieenheimer 
and Patzig rercted trinitrobenzene with hydroxylamine in cold alcohol solution to obtain 
picramide (Ber 39, 2534 (1906)). Witt and Witte obtained the compound by nitrating a solu¬ 
tion of aniline 7a glacial acetic acid or concentrated HgSOi. at about 5°C vith concentrated 
HNO'j (Ber 4l, ^091 (1908)). Holleman gives details of the prep ation from p-nitroaniline 
and^from acetanilide (Rec trav chim 49. 112 (1930)). 

Reference: 5 8 

(a) William H. Rinkenbach, r, The Heats of Combustior. and Formation of Aromatic Nitro 
Compounas," J Am Chem 3oc 52, 116 (1930). 


^ 8 See footnote 1 , pap 
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Composition: 

% 


Explosive D 

52 

’Hu 

If 

C/H Ratio 



Impct Sensitivity, 2 Kg Wl: 

Bureau of Mines Apparatus, cm 
Sample Wt 20 mg 


100 + 


Molecular Weight: 

4 .*: 


Oxygen Balance: 



CO, % 



CO % 

-19 


Density: gm/cc Cast 

1.62 


Melting Point: C 

Fretting Point: C 

Boiling Feint: C 


Picotinny Arsenol Appa.^.c. 
Sample Wt, mg 

in. 

17 

19 

! 

Friction Pendulum Test: f 

Steel Shoe 


Unaffected 

Fiber Shoe 


Unaffected 

BJHe Ballet Impact Test: Trials 


Explosions 

% 

0 


Partiols 

0 


Burned 

LO 


U effected 

60 


Ixpleeion Tempt rata re: 

c 


Seconds, 0.1 (no cop used) 



1 

35^ 


5 Decomposes 

285 


10 

2t r ; 


15 

L-0 


20 

255 


75*C International Heat Test: 

% Loss. in 48 Hrs 


0.0 

1 100 C Heat Tact: j 

% Loss, 1st 40 Hrs 


0.0 

% Loss, 2nd 48 Hrs 


0.0; 

| Explosion in ICO Hrs 


Tior;e 

Flammability Index: 

% 30°C, <01 l-M 

0.0£ 


VelatiNty: 


Refractive Index, n» 

nfi 

i nj 

Vacuum Stability Tact: 


cc/d0 Hrs, w ; 


^0 C 


iOO C 

0.37 

120 C 

0.68 

135 C 

-- 

150 C 

0.7 

200 Grom Bomb land Tael: 


Sand, qm 

L5.0 

Sensitivity to IniNott*.': 


Mm »num Defonotmg \).o»ge gm 


Mt'Cury Fulminote 


Leon A nde 

0.20 

Tetryl 

0.0- 

Ballistic Mortar, % TNT: ( n ) 

100 

Trvwil Tmt, % TNT: 

Plata Dent **aet: ('■ ) 


Method 


| Cond hon 


1 Confined 


Density. Qm/rc 

i. • 1 

Br.sonce, % TNT 

; : 

Detonation ftete: ■' ) 


Confinement 

: f- 

Condition 

it' 

Charge Diameter, m 


Density, gm/cc 


Rote, meter»/secon<i 

' ' v ’ j 
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Plcratcl 


^fepMeaSetiaa Teas* 


*0 M Ml. M71 Projectile, U# WC-91: 


Density, gm/cc 

1.6l 

Charge Wt, lb 

2.075 

Tetei Ne. of Frogmeota: 


For TNT 

703 

For Subject HE 

769 

3 im ch HE* M42A1 PmfaHh* Let KC-5: 


Density, gm/cc 

l.6l 

Charge Wt, lb 

0.850 

Tetei Ne. et fregmeets: 


FifTNT 

51U 

For Subject HE 

h8"( 

Frog* set Vetodty: ft/sec 


At 9 ft 

2590 

A»23H 

2320 

Density, gm/cc 

1.62 

Blast (Belethre te TNT): 


Air. 


Peok Pressure 

100 

Impulse 

100 

Energy 


AJr, CeeftoW: 


Impulse 


Ueder Water: 


Peok Pressure 


Impulse 


Energy 


Uedergreeed: 


Peok Pressure 


impulse 


Energy 


Bomb Drop Test: 



S e eped Charge KffftdivfNft, TNT = 100: 

Gloss Cones Steel Cones 

Hole Volume 
Hole Depth 


Coder: Brovm-yellow 

Priotipel Utet: AP, SAP projectile. 

and bombs 

Method \4 LaeBay: 

Cast 

Loodleg Deteify: gm/cc 

1.62 

rm 


Method 

Dry 

He xord C.oss (Quontity-Distonce) 

Class 9 

Compatibility Group 

Group I 

Exude t ion 

None at 65°c 


17» 2000-lb :>mi-Annor-PJercing 
Boat vs Concrete: 


aration: 


Picratol ia made by heating r i!NT to about 
90°C in a a team-Jacketed melt kettle. Explo¬ 
sive D ia added slowly, without preneeting, 
and the mixture stirred until uniform in com¬ 
position. This slurry is cooled to about 85°C 
and poured into the appropriate ammunition 
component. 


Developed during World War II ea ar. insensi¬ 
tive, -*jlt-loaded AP boob and projectile filler 

Booster Sensitivity Test; (c) 

Condition Cast 

Tetryl, gm 100 

Wax, in. for 50^ Detonation 1.00 

Density, gm/cc 1.63 


Max .^afe Drop, ft 


10,000-12,000 















(a) L C. Smith and E. o. Easter, Phyeical Testing of Explosives, Part III - Miacellaneoua 
Sanaltivity Teats; Performance Teat s, OSRD Report ho. $Yte, H December ?045- 

(b) D. P. mcDougall, Methods of Phyeical Ousting , OSRD Report No. 803. 11 August 19^2. 

(c) L. C. Smith and S- R. Walton, A Consideration of RDQC/Wax Mixtures as a Substitute for 
Tetryl in Boosters , NOL Memo 10,303, 15 June 19^9* 

(d) R. W. Drake, Fragment Velocity and Panel Penetration of Several Explosives in Simu¬ 
lated Shells , OSRD Report No. 5622, 2 January 194&. 
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Picric Acid 


Composition: 

% 


N 18.3 

0 fc8.9 

C/H Rotio O .656 


Impact Sensitivity, 2 K9 Wt: 

Bureou of Mines Apparatus, cm 
Sample Wt 20 mg 
Picotinny Arsenol Apparatus, in. 
Somple Wt, mg 


Friction Pend*him Test: 

Steel Shoe 
Fiber Shoe 


Rifle toilet Impoct Tost: Trials 

% 

Explosions 0 

Partials 60 

Burned LO 

Unaffected 0 


ixplosiofi Tecnparetvre: “C 

Seconds, 0.1 (no cap used) 

1 

5 Decomposes ^ 
10 
15 
20 



Molecolor Weight: ( C^H yl ) 

229 

Oxygen Relonce: 

CO, % 

CO % 

-*5 

-J-5 

Dantity: gm/cc Crystal 

1.76 

Melting Point: °C 

122 

Freexing Point: ’C 

toiling Point: °C 

Refractive Index, n£> 

n5 

n o 

n ^ 

Vacuum Stobility Tost: 

cc/40 H i( at 
r C 

I00X 

120 C 

135X 

150°C 

0.2 

0.5 

200 Grom tomb Sond Tost: 

Sand, gm 

L8.5 

Sensitivity to 9nMotion: 

Minimum Detonating Charge, gm 
Mercury Fulminote 

Lead Azide 

0 . 26 * 

0 . 21 ** 

♦Alternative initiating charges. 


■alUatic Mortar, % TNT: (a) 

112 


75 4 C Intemetionol Hoot Test: 

% LOSS in 48 Hrs 

0.0: 

I00 C Heet Test: 


% Loss, 1st 48 Hrs 

0.03 

% Loss, 2nd 48 Hrs 

0.09 

Explosion in 100 Hrs 

I.'one 

Flammability Index: 

Hygroscopicity: % 30 °r f :. j; 

0.0L 

i 

Volatility: 


' Vmuxl Test, % TNT: 


Hate Dent Test: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 


Detonation Rote: 

Confinement 

Condition 

Chorge D imeter, in. 
Density, grr /cc 
Rote, meters/second 


A 

Pressed 

Vo 

1.50 

ior 


(d) 

Unco:, n r.ed 
Pressed Cbs 

; .0 1.25 

i.-u 1.71 

>270 7^0 
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Booster Sensitivity Test: 

(c) 

Condition 

Pressed Cast 

Tetryl, gm 

10 

Wax, in for 50% Detonation 


Wax, gm 

2 0 

Density, gm/cc 

i.6 i.; 

Neat of: 


Combustion, col/gm 

2u72 

Explosion, cal/gm 

1000 

Gas Volume, cc/gm 

^7: 

Formation, cal/gm 


Fusion, col/gm 

20. k 

Temperature, r 

122 

Specific Hoot: col/gm/°C (e) 
°C 


TS 

0.23-3 

30 

0.253 

60 

0.292 

90 

0-310 

120 

0,337 

Burning Beto: 


cm/sec 


Tbormnl Conductivity: (f) 


ca ! /sec/cm/ *C 

0.2* x 10 

Density, gm/cc 

;.ko6 

Coefficient of Expo ns ion: 


Linear, %/*C 


Volume, %/°C 


Hardness, Mobs' Scale: 

2.1 

Young's Modulus: 


E', dynes/cm 2 


E, Ib/inch’ 


Density, gm/cc 


Compressive Strength: lb/inch* 


Decomposition Equation: 

Oxygen, otoms/sec 
(Z.'sec) 

Heat, kilocolorie/mole 
(AH, kcol/mol) 
Temperature Ronge, C 
Pha^e 


Armor Plate Impact Test: 

60 mm Mortar Projectile: 

50% Inert, Velocity, ft/sec 

Aluminum Fineness 

500-lb General Purpose Bombs: 

Plote Thickness, inches 


Vapor Pressure: 

C 


mm Mercury 


Bomb Drop Test: 

T7, 2000-lb Semi-Armor Piercing Bomb n Concrete: 

Mox Safe Drop, ft 

500-lb General Purpose Bomb n Concrete: 

Height, ft 
Trials 
Unaffected 
Low Order 
High Order _ 

1000-lb General Purpose Bomb vs Concrete: 

Height, ft 
Trials 
Unaffected 
Low Order 
High Order 


0 
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Picric Acid 


Tub 

fO mm HI. M7! P -frUto , Ut WC-tl: 

Dimity, gm/cc 
Charge Wt, lb 

Tetei No. el Fregmo—: 

For TNT 
For Subject HE 


3 feet HE, M42A1 

Density, gm/cc 
Chorge Wt, lb 


Projectile, Ut KC-i: 


Tetel He. el Pimpeei 

For TNT 
For Subject HE 


Njwul V eloc it y: ft/sec 
At 9 ft 
At25fcft 


Density, gm/cc 


•teat (ftelotfce te TNT): 
Air 

Ptofc Pressure 

Impulse 

Energy 


Ibopad Choipe Ittactfraeaai, TNT = 100: 

Gloss Cones Steel Cones 

Hole Volume 
Hole Depth 


P i i a ri pol Uses: Formerly projectile filler, 
nov explosive admixture; and for the 
nauufac ire of Explosive D 


el leedfag: Preeaed 


Deadly: gm/cc P»1 * 10 




Method 

Dry 

HoaorH Closs (Quantity-Distance) 

Cleas 9 

Compatibility Group 

Group I 

Exudotion 

Rone 


Air, Con f ined: 
Impulse 

Under Weter 

Peok Pressure 

Impulse 

En»ryy 


Peok Pressure 

Impulse 

Energy 












Pi eric Add 
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.ubillty? grm per 100 are— ^ oft («) 


Vfcter 

Alcohol 

Benzene 

Toluene 

Ether 


t 

°S £ 

!s 

1 


i 

fc 

0 

0.85 

0 4. 

0 

-2 

20 

-13 

20 ~ 


i.: t 

20 5.9 

20 

9.6 

60 

~30 

34.7 

40 

1.88 

40 12 0 

40 

27.5 



60 

2.96 


60 

59 





80 4.53 

100 7.1 


Carbon 


Chloroform Ethyl * rotate 

te^rc chloride 

Pyridine 

Acetone 

f£ 4 !£ 

t 

°S 

L 


* 

!£ 

i 

20 ~2 20 

42 

20 

~0.07 

10 

24 

20 

125 

60-6 30 

50 

60 

~0.4 

30 

37-5 

30 

137 

>)0 

56 



50 

s8 

4o 

164 

50 

69 





50 

208 

Methanol Isopropyl alcohol 

Propanol-1 

II 

disulfide 


!s i !s 

i 

!s 

i 


i 


0 14 10 

6.4 

0 

2.4 

20 

0.12 


20 19 : 

P 

9.8 

20 

3.3 

30 

0.16 


40 31 50 

15.5 

40 

5.4 




50 41 



50 

7.4 





porotlon; ( ini—ir y Bop, ;*t of TOBC, Dlv 8 , Vol 1) 

cgHg + H6 (bo 3 ) 2 -» + HBOj (1) 

C 6 H 5 B fe ^G 3 + * CgHjBO + Hg(S0 3 ) 2 (2) 

C 6 H 5 K) + 2H0 -► (3») 

CgH 5 H2»0 3 + HgO-*> CgHjOH + B g + HHOj (3b) 

C 5 H 5 QH + HK0 3 -*22_*. OgBCgH^OH + HgO (3c) 

C 6 H 5 NO ^_-» VW* (4) 

oxidation and rearrangement 

°2*C60H + 1M0 3 ^ _». (O^JgCgHjUH + HgO (5) 

(OgM) 2 C^H,OH * HWO 3 *02 _^ (OgHjjC^HgOH + HgO ( 6 ) 
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Picric Ac«d 


The tvo variables of greatest importance in this process are nitric acid concentration and 
the effective concentration of benzene (i.e., benzene dissolved in the oxynitration solution), 
lhe optimal. ccncentration of nitric acid is in the range 10. b to 11.6 molar (or the equivalent 
of 50$ to 5 r $ by weight for pure acid). The acid concentration greatly influences the over 
all rate rf reaction, below 10.^ molar th< rate falls off rapidly, while above 10. b molar the 
rates <d' both the oxynitration reaction anu various side reactions, such as direct nitration, 
increase rapidly. The range mentioned above seems, in general, to give the lowest proportion 
of neutral nitro-compounds to nitro-phenuls '• ith, at the same time, an adequate rate of oxyni¬ 
tration. The oxynitration solution must be fortified frequently, or, preferably. Continioualy 
with nitric acid. Strengths of nitric acid between 95$ and 96$ are best, due vo the smaller 
increase in reaction volume than if weaker acid were used. The \ire of absolute nitric acid 
requires that it6 direct contact with liquid benzene be avoided. 

The effective concentration of benzene r viably the most critical variable affecting 
the proportion of neutral nitro-compounds te n; t-Tphenol6 and amount’ 4 ’ of colored by-produc.s. 
Saturation of the oxynitration solution v'th bertwne s uniesirat.' a».d thus in batch processes 
slow benzene addition is preferable to the ddition c? it in one portion; in continuous pro¬ 
cesses vher? an excess of benzene Is usen .he rat* of agitation is important. 

The concentration of mercuric nitrate catalyst does not appear to be a critical factor 
evi.r - lairly vide range. Concentrations of 0.3, to 0-5 mole of mercuric nitrate per liter 
of oxynltratio. solution have been found to give satisfactory results in most cases. 

A continuous p^ cess, known as the continuous novation process, works on the following 
cycle. The oxynitre ion solution ie saturated vith benzene by vigorous agitation with excess 
benzene at r^om temperature, the saturated solution Is separated from excess benzene and cir¬ 
culated thro gh a heaved coil; it is then cooled to room temperature T ..a agitav 1 again, with 
benzene, which extract-. the organic pi'oduet and resaturatos the oxynl-ration solution. In 
evaluating thic process, the rate of formation of dinitrophenol per liter of reacting solution 
in the coll deterrf :.ed; 70 gm of dinitropheno 1 per liter per hour is repr«sertatlve perfor¬ 
mance. The dini nencl is, of courEe. nitrated to picric acid. 

Origin: 

Picric Acid was first prepared in j 771 by Woulff wxio foui.C the reaction of nitric acid 
and indige yielded a dye. Hausizsm isolated Picri A:- 1 In 177b and st.d-ed it further 
(journal de physique J2, 165 (173b)). The prep'ratio- was studied by many chemists but in 
l8bl Laurent established its identity (Ann chin yhyc 177, 221 (l31l)). It was ufed us a 

yellow dyr- untd ^irpin. in lvc5. proposed Fieri . J as a vurstl^. charge ihr high exp 1 alvc 
shell (French its tent it/,312). The British adopted . leric Acid as a military explosive ir. 
ibbS under tne uace of lyddite and other nations soon began to use it es the first melt- 
loaded nigh explosive. Mixtures of other exploslver snd Picric Acid were developed until it 
was gradually replaced by TTJT about 1900. T\:day ?’i ic Acid is used for the manufacture of 
Explosive T). 

bee tructio:. by CTr.eg.lcal ht--coD;pc5lt:cn‘ 

Picric Acid is decomposed dissolving i:, 25 times i*s weight of a solution msde from 
1 part sodium hydroxide and hi parts sod: ;::, sulfide (ha^.V ^C) ir. 200 parts of water. Some 
hydrogen sulfide and ornonin nre evolve':. 
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PIPE 
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90 mm HI, M71 9wj»rtM», U» WC-flt 


Density, gm/cc 

1-33 

Charge Wt, tt> 

1.723 

hMm mi 


For TNT 

703 

For Sublet HE 

519 

» Mb HI. M42A1 Pi^cHk. U» KC-S: 


Density, gm/cc 

1.39 

Charge Wt, lb 

0-735 

Tetel Me. ef Fragments: 


For TNT 

51^ 

For Subject HE 

428 

Fragment Vebdty: ft/sec 

At 9ft 

At 25% ft 


Density, gm/cc 



MwMMuNtiTHT): 

Mn 

Ptok Pressure 

Impulse 

En«gy 


Air, CmAm^: 
Impulse 

UniUf 

w’Wdf t? WVft 

Peak Pressure 

Impulse 

Enwyy 


Peak Pre&Hjre 

Impulse 

Erwrgy 

Preparation: 


PIPE la menufactired by simple mechanical 
mixing of PETN In oil. 


jt i p t i Om fi tH e et h r ieeee. THT = llOt 

Gloss Cones Steel Cones 

Hole Volume 
Hole Depth 


Uses: Pleetic demolition exploelve 


Bend temped 


1-35 


Mothod Dry 

Hozord Ckns (Quantity-Distance) Claes 9 

Compotibility Group Group I 

Exudation 


Sensitivity Teste: pe 




losives 


» Picatinny Arsenal Techn 
cal Report 151T» 25 April 19^5- 


See footnote l , pwige 10 
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Pluabatol 


CenttMftien. 

Leed Nitrate 

TNT 

C/H Ratio 

70 

5> 

• — % Wfm Wft 
| A We* 


Bureau of Mines Apparatus, cm 

— 

Sample Wt 20 mg 


Picatinny Arsenal Apparatus, in. 

13 

Sample Wt, mg 

22 


^ilit m Taa4« 
rT^M^MC vvIfnW^i. I IWo 

StHl Shoe 
Fibtr Shoe 

Hille Mlet hnpect Tart: 

Explosions 

Poitfcils 

Burned 

Unaffected 


W C Heat Test: 

% Los*, lit 48 Hr* 
% Loss, ?nd 48 Hr* 
Explosion in 100 Hr* 

flmauM% Index: 

Hygrt c ep k ity: % 

Volatility: 


Melecelef Weifk^* 


Ox ygen Mtect: 

CO, % 

CO % 


Density: gm/cc 


C 


Fteetin g Feint: *C 


C 


fce fm ctl ee Index, nj 


Vnceeon StoMtty Tttf: 

cc/40 Mrs, at 
90°C 

100-C 

120°C 

135*C 

150°C 

200 Gram Bern* Send Test: 

Sond, gm 


Ixpfeefcn Temyereteie: 

Seconds, 0.1 (no cop used) 

•c 

1 

b Decoapotes 

10 

15 

20 

233 

• 

75*C letemetlenel Meet Test: 

% Loss in 48 Hr* 


Sensitivity te Initiation: 


Minimum Detonating Charge, gm 


Mercury Fulminate 

-- 

Lead Azide 

0.20 

Tetryl 

O.'O 

BeWstk Me«ter, % TNT: 

Tronxl Teet, % TNT: 

Plate Dent Test: 


Method 


Condition 


Confined 


Density, gm/cc 


Brisonce, % TNT 



Dete n etien Rate: 

Confinement 

Condition 

Charge Diameter, in. 
Density, gm/cc 
Rote, mefers/tecond 
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PLX (Liquid) 
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HIW ^PHMivWy l^wl 

- -*>^» — 

wonomon 

Totryl, 9 m 

Wax, In. for 50% Pa t onotlon 
Wax, 9 m 
Dantlty, gm/cc 


Ritr«ptho&o 


Hoot ait 

Combustion, col/gm 

a. 

Explosion, col/gm 

Got Volume, cc/gm 

Formation, col/gm 

- 3 U 8 

Fusion, col/am / 

Vaparlutlor, cal/ go 

149 

Sgadflc NmK col/gm/*C (b) 


C - 0.4209 - <),00076t ♦ 0 . 00000611 2 
p far 15 C to 70°C 


I M9M« wVWCVVflvyi 

col/sac/cm/*C 


CsaffUlant of Expansion: 

Lmaor, %/*C 


Oxygon, atoms/soc 
(2/sat) 

Hoot, kllocotorio/molo 
(AH, kcoJ/mol) 
Tamparatura Rcngo, *C 


Awnor WlalfaO Tan? 


50% Inart, Vatocity, ft/sac 
Aluminum flnongst 


Platt Thickness, Inchas 


Drop Tad: 


Max Safa Drop, ft 

O-fcOanorol fntm 


Rltroaa.t 

~w rt 


56.6 

360-430 

Gaaaoua 


Volume, %/*C 


Yannfl's MoMwt 

E\ dynat/cm* 
E, lb/inch* 
Density, gm/cc 


Campraoshra StvaagHi: Ib/inch* 


Vapor PvosMHor 

•c 


mm Marcury 

25)8 


Haight, ft 
Triols 
Unaffected 
Low Ordar 
High Ordar 


Haight, ft 
Trials 
Unoffactoa 
Low Ordar 
High Ordar 
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PLX (Liquid! 


























TST V 
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Nitronethene har been knovn since 1872 (lColbe, J prakt (2) 5/ 427 (1872), but..was 
available only me a laboratory product until it appeared as an industrial chemical In 194a. 

A nunfeer of patents have been Issued for nitromai&ane product! m a by-product of the titra¬ 
tion of propane (U. S. Patent 1,967,667 (193*0; British Patent* 3,707 (1937); and Canadian 
Patent 371,OOT (1938). 

Ote development of nitrooethane liquid explosives based ea information that nitre- 
methane is sensitised to initiation and propagation of dc&xiatioo by the addition of various 
amines. Ibis study wade at Pica tinny Arsenal in 1945 indicated that mixtures of nitrone thane 
with of etbylenedianlne, n-butyl-emine, cr morpholine ehrwed considerable promise for ap¬ 
plication in nine-field clearance (L. H. Rriksen end J. V. tfoven, No* 1565, 17 September 
1945). 

References: 6 3 

(a) D. E. Holcomb and C. F. Dorsey, "tberrsodynosuc Properties of Nitroparefftna*" Ind 
Engl Chen 4l, 2788 (1949). 

(b) J. W. Williams, "A Study of the Physical Properties of Hitromethane, H J Am Chen Soc 
]£, 2644 (1925). . 

(c) L. Medard, "Explosive Properties of Nitrooe thane, M Mem poudr 125 (1951). 

(d) T. I». Cottrell, T. E. Graham and T. J. Reid, "The TfcerESl Decomposition of Nitra- 
metbanes," Transactions of the Pferafay Social;. 4?, 584 (1951)* 

(e) F. Bellinger, H. B. Friedman, W. H. Bauer- ;J. W. Bastes and W. C. Bull, "Chemical 
Propellants: Stability of Mononltromsiftane," Ind Engr Cbem ^Q, 1320 (1948). 

(f) Also see the following Picatinny Arsenal Technical Reports on Nitrooethane: 

a i vi 1 £ 1 i 2 

1660 1681 2113 1565 • 201 6 1747 1706 1619 

1831 
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83 





































AXCP 796-177 


fttinlw UnlMbMifuroai 


•mtarSmftMyTarti 

Condition 

Totryl, gm 

Wok, In. for 90% Oofonotlon 

Wok, gm 

DonoMy. gm/«« 

Neetoft 


Combustion, coi/gm 

2209 

Explosion, eoi/gm 

785 

G— Volume, ec/gm 

** 

Fbnuotlon. eol/gm 


fusion, eoi/gm 

gf’ : : 

Specific Ha— t c-/gm/*C (’b) 


!c 


-50 

0*217 

0 

0.217 

85 

0-81T 

t . 50 

0.217 

iamh-l-si 


cm/e— 


VMMP MN9VIVfH|* 


col/s—/cm/*C 


CaafHela—of Ixpaaelea? 


Unaar, %/X 


Volume, %/*C 


Hosdaoseg s—o* Scale* 

Young'* Mad--; 


1', dynes/cm* 


E, fc/ind** 


Density, gm/cc 


Ce-Q—hs Strengfli: lb/inch* 


O*y»o«. atemo/ooc 

iZ/» oe) 

<AH, toel/mol) 
Tomporotur* longs, X 


Velocity, ft/eec 


50% Inert, 
Aluminum! 


Plot* Thickness, Inch — 


■A Deep T—tt 
T7, M % % l-j A w 

Max Soft Drop, ft 


Haight, ft 
Trial* 
unonecvoo 
Law Order 
High Order 


P—poso la —b — f case — a: 


Vipa he—n: 

X 


Haight, ft 
Trials 

* » - - mm. j 

unanecioo 
Low Order 
High Order 


mm Mercury 











































Potwlua Djnltro'jgnzfuroiar. (KDgff) 
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f'i 


tlon of Fotaaaliai aot of fc»6-dlnltrdbeaifUro«an: (a) 

B o m tewiy Hde by the reaction of artbo-nitroaniline ?u* alkaline sodium hypochlorite, 
mm dlsraived In 6 parte of 9&ft sulfuric acid and nitrated at p°-20°C vith a h to 1 sulfuric- 
nitric add mixture* the salt vas prepared by neutralisation of the h,£-dlnltrbbensfnro&*n 
vith potassium bicarbonate followed by recxystalli cation from hot eater. The product forms 
in aall golden orange plates vhlch explode at 210°C. 


13 


Orlxlm 

The potassiUD salt of h,6-dinitroibensfUroxan vas first prepared in 1899 by von P. Drost 

(dan 56 (1899) )• 


(a) B* J. Osugteran, J. P. Picard and J. V. R- Kaufaan, "U~.itrlbution to the Chesdetry of 
BsnsfUraun Derivatives," J Am Cbem Soc j6, 2233 (195*0- 


(b) C* Lsocfcitx, Jos Oalorimatar Determination of Bi 


dflc Hast of Eleven 




(c) Also see the following Ploatlnny Mrmmml Technical Reports on Potasslua Mnitro- 


0m 


fitt 


footnote l, peg# 10. 
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w«mu of Mines Apporotut, cm 
Sompi o Wt 2C mg 
Ptc o flnny Arssnol Apporotus, in. 
Sompi o Wt, mg 


41 .1-W, 1 || 

Ruwnif WM|ir< 


252 

0^tlisifj 


-1*5 

o;4 


- 9 

. Uoosteyi gm/cc 


1.68 

( 

Eutectic 

67 


Miminf Rap 

«S 


Stool Shoo 

near anoo 

BMo MW teopi 

set Test: Trials 


% 

Explosions 

20 

O -. 1 - 1 - 

r wiinM 

20 

iumod 

0 

( » ma . * 

unonsciso 

60 

loplnioo Towpi 

Mime: *C 

Seconds, 0.1 (no cop used) 

1 


5 


10 


15 


20 


7I*C lolepeottii 

lolHeetTeWt 

% IwInMHn 


lire Moat Tosh 
% Lois, 1st 4$ Hrs 
% Loss, 2nd 4i Hrs 
Im plo s ion in 100 Hrs 


KH, 1$ days 


CC/40 Hrs, Of 
90*C 

100*C 

120*C 

135 # C 

150*C 


Sand, gm 


t Muter, % TNT: 


Tnd To#, % TNT 


Hole Heat Test: (b) 


Method 

B 

Condition 

Oeet 

Confined 

No 

Density, gm/cc 

1.68 

Brisonce, % TNT 

127 

DeSeeetiew Bole: 


Confinement 

None. 

Condition 

Cost 

Charge Diameter, in. 

1.0 

Density, gm/cc 

1.64 

Rate, meters/second 

7655 























T«th 


SbiH O ff TNT = 100: 


90 mm Nl» M71 PiejosHtt, U» WC-91: 


Density, gm/cc 

1.61 

Charge Wt, \h 

2.lSo 

TaSal Ne. ef ftregeMels: 


For TNT 

703 

For Subject HE 

999 

> jack HI. M41A1 Prejsrttts, Let KC4; 

Density, gm/cc 

1.63 

Charge Wt, lb 

0.861* 

Total He. a# Frajwati: 


For TNT 

51^ 

For Subject HE 

685 

Fregsismt VaMty ft/sec 


At 9 ft 

2690 

At 25Vt ft 

2460 

Density, gm/cc 

1.64 

MmI (telsHee to TNT): 


Ain 

(d) 

Peak Pressure 

in 

Impulse 

109 


— 

Alt, Cuhlti 


Impulse 


IMssWeSert 


Peok Pressure 


Impulse 


Energy 


Peok Pressure 


Impulse 


Energy 


Booster Sensitivity Tsst: 

(c) 

Condition 

Prassed cast 

Tetryl, *m 

100 100 

Wsx, in. for 50$ Detonation 

l.9k 1.82 

Density, gm/cc 

1.61 1.68 


Gloat Coots Steel Conti 


Hole Volume 
Holt Depth 


flliP 


Unm land mines end demolition 
chargee 


Chit 


Ut<o| Density gm/ce 


1.68 


Hosofd Clots (QuontityCXstonco) 
Compatibility Group 
Exudation 


tty 


Claes 9 


Group I 

Exudes at 65°C 


Preparation: 

The ternary exploaive system consisting of 
REDC, teuyl and TKT la prepared hy adding the 
appropriate velght of eater-vet FdDX to a tetry- 
tol (ko/60) previously melted in a ateam- 
Jacketed melt kettle. Heating and stirring 
are continued until all the voter is ev a porated 
and the mixture is uniform In composition. 

PTX-1 la also prepared by adding tetryl to RISC 
Composition B. 

Compatibility ulth Metals: 

Dry: Aluminum, mild steel not effected. 

Wet: Aluminum, mild steel not affected. 



















AMCP 706477 


ra-i 


Ihe possibility of sap} eying ternary Mixtures to obtain explosives harteg greater power 
end higher brlaanee then binary Mixtures wee suggested by the analysis of Ruaalan 76 m, 
amor piercing hi# explosive rounds (P*TR Bo. 1311, 17 July 19**3)* The ftittlen type ternary 
explosives! based on the opposition and laboratory studies of such Mixtures, were Indicated 
to be effective pressed fillers. In conducting a prclininary study of castable teraaxy explo¬ 
sive Mixtures suggested by the Russian fillers! a Mixture consisting of KDtyteTryl/nrr, desig¬ 
nated PEC-l was developed which had explosive and physical properties offering considerable 
advantage for Military applications (Bft.TR Bo. 1350, 27 October 19*3> end 1379# 11 January 
19**). 

A PEC-3 eoaposltlon, prepared by the addition of Haleite to *0/60 tetrytol> also offered 
praise but Halted to applications where the charge would not be required to withstand stor¬ 
age at 65°C without exudation. 

Refe r ences: 65 


(a) I*. C. SMJth and S. C. Ryster, Physical Testing of Explosives* Pert HI - MlsceUaneoua 
Sensitivity Tests; Performance tests# OSRD Report Bo. 57*6# 27 December 19^5. 

(b) D. P. MecDougall, Methods of Phyelcsl Testing , OSRD Report Ko. O03, 11 Augur.,; 19*2. 

(c) L. C. Udth and S. R. Belton, A Consideration of RBBC/Whx Mixtures as a Substltuts for 
Tetnrl In Boosters, BOL Meao 10,303, 15 June 19*9. 

(d) V. R. Towllnson, Jr., Blast Effects of Bonb Explosives, Pd Tech Wv Lecture, 

9 April 19*8. 


(e) Also see the following Plcatlzmy Arsenal Technical Reports on PTX-1: 


0 2 l 6 l 

1530 U*02 1623 1*66 1*37 

1506 


1379 

1*29 

1*69 


TT 


See footnote 1, page 10. 
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Seconds, 0.1 (no cop mod) 
1 
5 
10 
15 
20 


7S*C iMdM Hom Tom 

% Im In 48 Ha 


YBB'C Moo* Ten* 

% lOM, 1H 40 Hrt 
% Loot, 2nd 48 Hrt 
Explosion in 100 Ha 


^TW HH, 15 doye 


OoypM Poloocoi 

CO* % 

-33 

-36 

co% 

- 3 

. k 

Deeefcyt gm/cc 


1.70 


le»*nloe»*My,2Ka Wh 

Bureau of Minot Apparatus, cm 
Sample fft 20 mg 

Pleat inny Aroonal Apparatus, In. 
Sample Wt, mg 

35 


no Toth 


-1 ft, n > 

jan 9w> 

rwvr jnov 


Crackles 


lost Ton: Trials 


Explosions 

»^- -.i - «_ 

ramon 

S> 

0 


Bumod 

0 


unonocroa 

ko 



Butectlc 


cc/40 Ha, at 

90*C 

ioo-c 

120 # C 

135-C 

I50*C 


2.6 

11 + 

1 200 CramBoa* Sand Ton: f 

1 Sand, gm 


56.9 | 

1 tiorilfrRy to MHoHsoi 1 

| Minimum Detonating Charge, gm 


Mercury Fulminate 


0.21 

Load Azide 


0.00 

Tetryl 


0.00 

MtateMartw, *THTt 

(•) 

136 

'caxaHOBi 

Plate boat Teeh 

(b) 


11 afti n i~t 

movnoo 


B 

Condition 


coot 

Confined 


Bo 

Density, gm/cc 


1.71 

Brisonce, % TNT 


141 

I DotoooHoa Bator 1 

Confinement 


Bone 

Condition 


Coot 

Chorgo Diamoter, in. 


1.0 

Density, gm/cc 


1.70 

Roto, rnetea/socond 


8065 


I 

I 
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fugmuMkaTml! 


9* am HI M71 feejocftte, Let WC-tls 

1 

Density, gm/cc 

1.68 

ChorgtWt,* 

2.226 

Total Ha e> FtegmoHsi 


For TNT 

703 

For Subject HE 

1126 

1 Mi M, MCU1 riaHcNHtr Ul KC4: 


Dmity, gm/cc 

1.70 

Oorge Wt, lb 

0.897 

^Fs9et eF Vpt^mtslts 


For TNT 

51k 

For Subject HE 

750 

htfmttt VihcHyi ft/MC 


At 9 ft 

At J$V4 ft 

M50 

Dmity, gm/cc 

1.10 

MM flUMet H THfk 


AArt 

<«) 

Feok Pimure 

113 

Impufce 

113 

Enwgy 

A* 

Ak,C«ftM* 


ImputM 


U^der gdmt 


Peok Pressure 

Impulse 

inergy 



lh a ped Ow y iWnt^mw , TNt — 100s 

Glon Conti Steel Conoi 
Holt Volume ~ 130 
Hole Depth 


Nid p ri llmi Shaped charges 

Fragmentation charges 


Mtthod 

Hosord Goss (Quonrtty-Dlstonce) 
Compatibility Group 
€*udcricn 


Class 9 

Group I 
Hone at 65°C 


Paofc hesouro 

Cnmfgy 

Booster Sensitivity Test: 

(c) 


Condition 

Preeeed 

Out 

Tetryl, gm 

100 

100 

Mix, in* for 506 Detonation 

1.87 

2.32 

Duslty, gm/cc 

1.70 

1.61 


The ternary explosive system consisting of 
RBX, PETS and TUX is prepared by adding the 
appropriate weight of water-vet EM to a pen- 
toll te ( 30 / 70 ) previously melted In a steam- 
jacketed melt kettle. Beeting and stirring 
are continued until all the eater la evaporated 
and the mixture is uniform in composition. 

PTX-2 la also prepared by adding water-vet 
PETS to RDX Composition 2. 

Utility with Metals: 


SOL Aluminum, mild steel not affected. 
Wet: Aluminum not affected. 


V 











PTX-g 


AMCP w-m 


Origin: 

Ifce possibility of eaploylng terury mixtures to obtain explosives boring grantor power 
and higher brisauce than binary vlxturee sfca sugges te d by the analysis of Russian 76 an, mot- 
piercing high explosive rounds (Pin Bo. 1511, 17 July 19^3) Tbo Hussion typo ternary explo- 
slvss, bosod on tho amposltlon snd Inborntory studios of such Kdxturss, were indlostod to bo 
effective pressed fillers. In conducting o pr elimin ary study of castable te rnary explosive 
sdxturee suggested by tho Russian fillers, o mixture consisting of RISvP*TB/nrr # designated 
PTX-2 nos developed which hod explosive ond physlosl properties offering considerable advan¬ 
tage for sdlltary applications (HSR Bo* Ijto, 2( October 19^3# and 1379# U January 19^)* 


A PTX-A composition, prepared by the addlUon of Haleito to 30/70 Fentolite, also offered 
proviso but because of border-line stability in accelerated stability tests, FTX-4 oust be 
p roven by long term storage to be acceptable for use in standard iunltion* 

Bs f bra n cs s i 6 6 


(s) U C, aslth snd B. 0* gystar, Physical Testing of Enloslvea, Ibrt in - Miscellaneous 
Steal tlvitqr Krstst Performance Tbsts, 58ST5pS rt l5r$^gJ Z[ breaker Iff 8 #. 

(b) D. P, MacDougsll, Mtthods of Physical Testing, OflRD Report Bo. 803# U August 19*2. 


( 9 ) L. C. Sbith snd 8, IU Vtiton, A Oonsiderstion of RDf/to Mixtures as a Bibstltute for 
fttnrl in Boosters, BOL Nsoo 10,303# 13 Jtne ipkfc. 



V* R. Tomlinson, Jr,, Blast Iffbota of Boab explosives, PA Ted: Hv lecture, 9 April 


(s) Also sea tbs fallowing Pice tinny Arsenal Technical Reports on PTX-2: 


0 

2 

1 

4 

2 

6 

8 

2 

X530 

1482 

1483 

1623 


1M5 

1466 

1838 

1379 

1429 

1465 


**See footnote l, page 10. 
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! 

R2K 

90 

Polyvinyl Acetate 

8 

Blbutylphtfcalate 

2 

C/H Rntio 


Iwpe* ImMAtf, 1 Kg WIs 


Bureau of Minas Apporotus, cm 

39 

Sompla Wt 20 mg 


PlcoHnny Arsanol Apporotus, In. 

9 

Sompla Wt, mg 

13 

rimVB TIHMH > Mm2 


aw 

Craokle* 

g—— g*— 

mar anoa 

Unaffected 


HaMtfla* 

act Tatfs 5 Trie It * 

% 

Explosions 

20 

Portiois 

0 




Seconds, 0.1 (no cop used) 


5 Oeco^oees 


30°C, 90* RH 


i 55°C, vacuo, 6 hrs 


I Maiacalaf WW^M* 


a? 

Oxygea Mnaat 



CO. % 


-3T 

co% 


•10 

Daaafetft gm/cc 

Proraaad 

1.60 


75 *C latamaHtaai Haat Tsst? 

% Loss in 48 Hr* 

100 # C Haat Tosh 


% Loss, 1st 48 Hrs 

0.10 

% Loss, 2nd 48 Hrs 

0.06 

Explosion in 100 Hrs 

Hone 


1 

fo ft ft 

Vecmae StoMfcy Tash 


ce/40 Hrs, at 


90*C 


100’C 

0.H5 

120*C 

0.88 

135*C 

— 

150 # C 

lit- 

200 Oraai hab land Tasti 


Sand, gm 

58.5 

. -W«_ 


Minimum Dafonoting Chorgs, gm 


Mercury Fulminota 


Laod Azide 

0.22 

| Tatryl 


BeNMc Master, % TNT: 

Trend Test, % TNT: 

Plata Daet Test: 


Method 


Condition 


Confined 


Density, grn/cc 


Brisonca, % TNT 


Dataeatlae Ratal 


Confinement 

Hone 

Condition 

&•+ 

Chorga Diameter, in. 

1.0 

Density, gm/cc 

1 .6o 

Rote, meters/tecond 

7910 

























AXCP7M-OT 


mm 


M MU M. M711 
0(Mlly.«m/cc 
Qw|iW*,l 


TaMMfcaEftap 

for TNT 
For Sublet HE 


U(WC91> 


Gloat ConM StaalConaa 


Hole Vekima 
Kota Dap* 


^- 


94mb*Vmt 


White 


Demolition choices 


Density, gm/cc 
ChorgeWt, lb 


*eiss«*UtKC4t 


For TNT 
For Sublet Hi 


At 9 ft 
At25H* 

Donolty, gm/cc 


OUMfotoTNTh 


Alrt 

MPnnun 

Impute 


Mi lNm u n 

I m pub e 


Peok rVOMUft 

taputoe 

&Mrgif 


Profited or extruded 


1 Leedtog Deoefey: gm/cc 

1.60 

**»*- - j 

wnxw 

Dry 

Hoserd dost (Quantity-Distance) 

Close 9 

Compatibility Group 

Group I 

Exudation 

Bone at 71°C 


Pltfitlclty: 


Crocked 


0-3 
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m-t 


Preparation: 

Jhploelve F?A-A, a seal-plastic co^oaitlon of Canadian origin, consists of 90)1 RDK, djt 
polyvinyl acetate and 2)1 dlbutylphtfcelate (EBP). This fonsilstion ass developed by Hr* inthur- 
land of flhsvliilgan Chealcals, Ltd* In evaluating various tyres of polyvinyl acetate oomso> 
dally available in tbs United States, a type obtained from Union Carbide and Carbon, under 
tbs industrial naasd or designation "AIAT* aas tbs mr* proaising coating for ROC in tbs pro¬ 
portions RZ8^m(AXdT)/lBP 92/6/2. 

A prsetieal netted of preparing this coeposltlon vas by the addition of s solution of tbs 
posting agent to an aqueous Rtt[ slurry. Based on the quality of the product find the pellet 
densities obtained, a procedure of adding an acetone solution of FVA + IBP to a hot eater 
slurry of HZK, under agitation, sea adopted as standard. 

aaasssL 67 

(a) 8 m tha following Plea tinny AtmmI Technical Report* on IVA-l: 1932 and 163b. 


TP 


ass footnote 1, page 10. 
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C fiT 

E 3.* 

H 15.6 

0 5* 

C/M Ratio 0.203 


^ (HgC-CH-OBOg) 

15.6 * * 


igia l wiR M t . IM** 

BufoauotfMIhes Apparatus cm 
Semite V* 30 mg 
W col i mty Artonal Appaioti#, In. 

»-1- %AJk - 

wf|| W^p 


14.05* 

4 


MSktf 

fterShot 


Oockloe 

Unfttectod 


6 #lo # — 

aa— 

WfflOII 

Burned 


Smn4 0.) (no cap 

I 

5 

10 

15 

20 


TTC 

% Loer in4ll 


Hoot To#: 


10»*C Ho# To#! 


% 30°C, 90 % RH 


Melomler Weight: (CfeHOfO*) 


f— T i~ 


CC. % 

-45 

co% 

• 9 

I Nwfcyt gm/cc 


lifcwHif Mn, 

n» 

n» 

*£> 



1 

) 

To#: 



cc/40 Hr*, at 




WC 




100*C 


16 boar% 

U+ 

I20*C 


16 fcoure 

11* 

135*C 




150*C 




1 2» Of— If* fond To#: 



Sand, gm 



49.9 


Minimum Detonating Charge, gm 


inj CL dkaoIoMfeAf 

fvwiLUi jf nnntw 

— 

Load Aside 


Tetryl 



% TNT: 


Condition 
Confinod 
Oonoity, gm/cc 
Brlaonca, % TNT 


CondHion 

Ov go Pio mot or, In. 
DmiHy, gm/cc 
Koto, moton/ t o c on d 




W&:, 


& 


M 























*• ■■ Mt, MD teatecMte. U» WC-*1: 
Ctemtty. gm/oc 

Charge Wt,#> 

TmlMMlfaisI 

For TNT 

For Subject HE 

n 

OwHy # 9e/a 
Ghorge Wt, fc 

*e,UtKC4t 

TMdHkrJN^eUi 

For TNT 

For Subject HE 



GbHConw StwlConH 


AtVtt 
A»aSHft 

DmNy, gm/cc 


Hote Velum* 
Hate Dw* 


m; I "- 


M 


gpj'5j 


iteTMTh 


Hazotd ChM (QuonHty-Otetanea) 

WWpwiWWy VWlf> 

Exudation 


Minutes 

1».5°C Boat Taat: 


at lean Pink 
Bed Fuses 
Explodes 


gjjO^cwr Hydrolysis fleet: 


Beet of; 

Combustion, csl/ga 
Explosion, osl/gs 
Gss Voluae, cc/zm 


60* 
Minutes 


' * . 

P^pv;.; > 


iL&Y'v 


29ft) 

900 

83B 
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PVN (Polyvinyl Nitrate) 


Preparation: 

Polyvinyl alcohol la nixed vith acetic anhydride. The mixture la cooled to -5°C and the 
nitric acid ia added slowly while the mm ia being atirr *d. the temperature ia controlled 
by the rate of acid addition ao that when cli the add haj been added the temperature doea 
not rise above 80°C. 

Vhen the nitration ia couplet*, the mixture la droimed by allowing a fine stream V the 
qyr u py liquid to flow from the nltretor end nix Intimately with a laiige stream of water. This 
causae the product to predpitate in a fine state. 

tte finely divided predpitate 1c purified by boiling in frequent changes of water. 

Origin: 

The first preparation of polyvinyl nitrate was reported in 19&9 by solution of polyvinyl 
alcohol in concentrated sulfuric add and tr eatm en t with nitrating add at a temperature not 
over 50°C. (German Patent 53T»3&3)* Later patents issued relative to polyvinyl nitrate in¬ 
cluded 0. S. Patent 2,U3,fc87 (193b) and German Patent 737,199 (19^3). 



AMCPTM-m 


% 

ROC 

Gulf Crown E Oil 


C/H Ratio 


i apart SeeafeMty, 2 K| Wh 

Bureou of Mines Apporotus, cm 
SoMpW Wt 20 mg 
Pto Hw i y Arsenal Apporotus, in. 
Sample Wt, mg 


^-a -a-a- 

230 

Ovygea ieleeee: 

* 

CDs % 

.70 

CO%. 

-35 

8"</ec Hand ta^xd 

1*37 

WWwWJ «Vdwl V 


I Freedng Nht; *C 


t of—ctfre Mn, n£ 


Sled Shoo 
FfcerSho* 


Unaffected 

Unaffected 


Tart: Trials 

% 

0 

0 

0 


faphrtn TnupMihM: *C 

Seconds, 0.1 (no cop used) 

1 

5 Decoapoees; no value obtained 
10 
IS 
20 


7S*C »1ew eHiael Hoot Teeh 
% Low in 42 Hrs 


W'C Heel Tettx 

% Low, 1st 4ikw 
% Low, 2nd 46 Mrs 

iitptflafonin 100 Hrs 


Hffmea epM hri % 30°c, 90* HK 0.04 


VetatfOty: 


Vecmaw Mfty Teet: 

cc/40 His, of 
90*C 

100*C 
120*C 
135*C 
. 150*C 


200 Grew leak Send Teat: 

Sond, gm 


pVl^wWIej FP 

Minimum Detonating Charge, gm 
Mercury Fulminate 
Leod Azide 
Tetryl 


MHetk Matter, % TNT: (a) 


Treed Test, % TNT 


Plate Deer Teh ( fc ) 

Method 
Condition 
Confined 
Density, gm/ee 
Bn*once, % TNT 


P e te ae t foa ftete; 
Confinement 
Condition 

Chorge Diameter, in. 
Density, gm/cc 
Rote, meters/seccnd 


Hand tamped 
No 
1-37 
85 


Hand tasked 
1.0 
1-37 
7390 
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PftpttdsSsrias Test* 


90 an Ml* M71 U* WCils 


Dsnsity, pm/cc 


Cbd-35 W »b 

l.t£6 



for^rr 

703 - 

For Sub&t H8- - ' 

592 

1 frofcHMdmi ftofrmto, Ut Kfc4i 


Density. tox/cc ; O 

1.1*2 

NChorgoWt.lb " : 

0,756 

Tstst Ha. of 


For TMT 

51k 

For Subjoc, ME 

501 

» - - >*-» -f. . - 

• ilJBWBf ▼ T»# iK 


At 9 ft 

2650 

At 2GH * 

2370 

Density, gm/cc 

1.395 

MetHBeMveleTMT): 


Air: 


Asok Prsssurt 


Imputes 


&wgy 


Air, Caartaadt 


Imputes 


Uadar Water: 


Psok Prsssurt 


Imputes 


Energy 


Osdsrgssssd: 


Psok Prsssurt 


Imputes 


E»*f0y 


Preparation: 


RIPE is manufactured l.v simple 

mechStii :Sl 

mixing of PDX in oil. 



SkspsAQtff mmhdM^ TKTR lit: 


Glass Const ^Sfstf Const 


Holt Volume 
KotrS**h 


U tmt Plastic demolition axplosirt 


MstMsf 


Bind taspad 


1.3T 


Hosovd Clots (Quontity-Dittonca) 

Compatibility Group 

Root at 05°C t 
Exudation Rons st 95°C 1 


Dry 

Class 9 
Group I 


Rons st 05°C in 30 hrs 
Rons st 95°C in Ml tors 
ficudas st I05°C in hrs 




r#T.i; 


(fc) D- P. tecDougal.lt Mothodo of Phy»lcol 
Testing, OSPD Report No. 1&3» il August \?b2. 

(c) Alto as* tha following Plcatinny A -senal 
Ttchr.i cal Rtportt on PIPE: 1713 , 1695 and 1517 * 


hH See footnot 
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Silver Azide 
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Silver Azide 


AMCP 706477 


foiMriataMi 


Warn HI, M71 Pm|siHb, let WC-tl: 

Density, gm/cc 

Charge Wt, lb 


Tetal New el PragmMntss 

For TNT 

For Subject HE 


1 hob Mt, M42A1 Piejaetffa. Let KC4t 

Density, gm/cc 

Charge Wt, fb 


For TNT 

For Subject HE 



npeemlVelMfeyt ft/sec 

At 26% It 
Density, gm/cc 


(IHHeslaTMTh 


Ain 

Peak Pressure 

Impulse 

Entfgy 

Air, CoaHao#: 
Impulse 

MrWflkn 
Peak Pressure 

Impulse 

Energy 


Peek Pressure 

Impulse 

Energy 

xploelve Power: 


Kilogram meters 
% Mercury Fulminate 


Gloss Cones Steel Cones 

Hole Volume 
Hole Depth 


Cater: White to grey 


Ueees Initiator* 


lss#ag Psasfcyi qm/cc 


192,000 

1.097 


Pressed 


Variable 


Method Wet 

Hosord Close (Quontity-Oistonce) Claae 9 

Compo H bllity Grmp oup M 

Exudation Hone 


Initiating Efficiency: 


Grama Required to Give (c) 

Complete Initiation of TNT 0.02-0.05 

S olubility lu 100 gm Solvent 
at Room Temperature: 

Solvent Grama 


Water (b) 0.006 

Amnonlum hydroxide Soluble 

Nitric acid Decomposes 

Ether (b) 0.017 

Etts/1 alcohol, 95* 0.00 6 

Acetone 0.015 

Unaffected by water and C0 2 - (d) 

Heat of; 

Explosion, cal/gm ic, a) 1*52 

Formation, cal/gm (e) 67*8 
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Silver Aside 


Preparation; 


MKH3 + Agl» 3 -» AgKj l ♦ tm 0 3 

Prepare the following aqueous aolutiona; 

a. MI 3 , sodium aside, 50 ee 

b. 25 # AgSOy ■ liver nitrate, 25 cc 

fee silver nitrate solution is placed In a 200 cc conductive rubber beaker equipped with a 
hard wood stirrer operated by an air actor* few sodlua aside solution is placed In a separa¬ 
tory funnel fUsteaed In a ring stand above the beaker containing the silver nitrate. A long 
cord (10 ft) is fastened to the stopcock of the separatory funnel so that the funnel can be 
acptled hr renote control* The silver nitrate solution is near stirred very rapidly end the 
sodlus aside Is slowly ran into the nitrate solution* Stirring is continued for 5 Minutes* 

The content? of the beeker are filtered through folded filter peper end vmshed free of sodlun 
aside and sliver nitrate with distilled water* 

Silver aside should be stored under water In a conductive rubber container. This prepara¬ 
tion will yield approximately 7 grans. 

The preparation should be conducted under s hood and behind a barricade. The product ob¬ 
tained by the above procedure has a very fine particle else, alnoet colloidal. Vary fine sil¬ 
ver aside la safer to handle and la just as efficient and stable as the large, coarse crystal- 
lint Material (Ref b). When a thin film of fine silver sslde is precipitated on Mercury ful¬ 
minate. tetryl, etc*, these substances are as efficient weight for weight ss pure silver aside 
(Ref gj* White silver aside Is less effected by light than nareury or lead aside (Ref h)* 

Long colorless crystals which explode on breaking are obtained trm ammonium hydroxide. 

Origin; 

Silver aside was first prepared In I 89 O-I by T. Curtlus (Bar 2J, 3032; Bar 24, 3344-5) by 
passing hydra sole acid (fflU) Into neutral silver nitrate solution. Taylor andTSlnkenbach pre¬ 
pared pire "coUodlal" aggregates and showed Its sensitivity depends upon its partlcls else 
(Any Ordnance 5, 824 ( 1925 ). Silver aside was found In s detonator of foreign amnltlon for 
the flrat tine In 1945 (Ref l). 


References: 69 


(s) A. R. Hitch, "Thermal Decomposition of Certain Inorganic feinitrides," J Am Chen Soc 
40, 1195 (1918). 

(b) C. A. Taylor and Vm. H. Rlnkenbech, "Silver Azide: An Initiator of Detonation," Army 

Ordnance, Vol 5 , P* 824 (1925)- — 

(c) Z. De V. S* Colver, High Explosives , London and Rev York, p. 527 . 

(d) A. Stettbacher, Sprang u. Schlesstoffe , Rasober, Zurich, p. 97 (1948). 

(e) A. Marshall, Explosives , 2nd Ed, Vol II, p. 787 , London. 

(f) A. Stettbacher, Z ges Schiess-SprengatofiV 10, pp. 193-214 (1915)• 


^See footnote i, oage 10. 
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T»tr*«n« 



324 
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Tetracene 


Preparation: 

(Rlnkenbach and Burton, kray Ordnance 12, 120 (1931))- 

Tetracene la prepared by dissolving 5 gms of eminoguanidine di nitrate In 30 cc of eater, 
cooling to 0°C and miring vith a solution of 2.5 of sodium nitrate In 15 cc of eater. The 
temperature la maintained at about 10°C and 0.5 gsn of acetic add Is added. The tetracene 
separate 4 out and Is washed with water, alcohol and ether. It Is then dried. 

Tatracene may also be prepared by placing amlnoguanldlne sulphate and sodium nitrite In a 
large beaker and adding water hef ed to 30°C* The heat of reaction causes the mixture to boll; 
after standing for two or three hours the separated tetracene Is filtered off, washed thoroughly 
and dried. 

Origin: 

Tetracene was first prepared In 1910 by Hofftaan and Roth (Ber 4j, 682) who also studied Its 
chemical reactions and determined its structure (Hoffman et al, Ear JO, 1087 , 1866 (1910); Ber 
44, 2496 (1911); and Ann 380 , 131 (19H))* V. H. Rlnkenbach and 0 . Sir ton made an extensive 
study of tetracene and described Its manufacture and explosive properties (Army Ordnance 12, 

120 (1931))* ~ 

Destruction by Chemical Decomposition: 

Tatracene Is decomposed by adding It to boiling water and continuing boiling for some time 
to Insure complete decomposition. 

References : 70 

(a) D. P. MacDougall, Methods of Physical Testing, 0SRD Report No. 803> 11 August 1942. 

L. C. Smith and E. G. lister, Physical Testing of Explosives. PartHI - Miscellaneous 
Sensitivity Tests; Performance Tests , 0SKD Report~Ho. 5746," 27 December 19^5- 

(b) P. V. Brown, D. H. Kueler and P. C. Gibsoxj, Sensitivity of Exploelvee t° Initiation 
by Electrostatic Pis charges , U. S. Dept of Int, Bureau* ©f Rinas, RI $52, T9C5T _ 

(c) Also see the following Pica tinny Arsenal Technical Reports on Tetracene: 

2 

859 
2179 


111 
1450 11 453 


4 7 8 

1104 407 318 
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70 See footnote 1, page 10. 








Tetr.nltroc.rb.zole (TNC 
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MUUc.hr W.UM: (Cj^HjNjOg) 3>»7 

% OpN H ND 2 

N 20.0 NX NX 

0 3T.0 

C/H Ratio 1.032 

Oxygen lolooco: 

CO- % .85 

CO % .30 

Dtssity: gm/cc 

M«bhf FeUf. "C Pure 1,3,6,8-ieoaer 896 


to^ort SeeefcMty, 2 Kg Wh 

Burtou of Mints Apparatus, cm 100+ 

Somplt Wt20mg 

Pkatinny Arsenol Apporotus, in. 18 

Somplt Wt, mp 14 

BolKog Poioh *C 


FrfctUa N. *»*.!■ Tw»: 

StMl She. Unaffected 

Fiber Shoe Unaffected 

Vocoom StofcNfcf Tost: 

cc/40 Hrs, ot 

90*C 

100*C 0.2 

120 # C 0.2 

135*C 

150*C 

ilflt leMrt Import Tort: Triols 

% 

Explosions 

Portiols 

Bumtd 

Unofftcttd 

200 Gcom le—b Sood Tort: 

Sand, gm 4l. 3 

KspMoo Ttmpsrtiors; "C 

Stconoh 0.1 (no cop ustd) 

i •• 

Z TX composes 470 

10 

15 

20 

tomofcllsiUii ^ lolilttlso 

Minimum Dttonoting Chorge, gm 

Mercury Fulminott 

Leod Azide 0.20 

Ttfryl 0.25 

MKrtk hUrter, % TNT: 

Treed Tort, % TNT: 

75*C liNmnQiii Hot* Test: 

% Loss in 48 Hrs 

Plofo Do* Tort: 

Method 

Condition 

Confined 

Density, gm/cc 

Britonce, % TNT 

1$0"C Med Ted: 

% Loss, 1st 48 Hrs 0.15 

| % Lorn, 2nd 48 Hrs 0.05 

j Explosion in 100 Hrs None 


ntmmthlHly Index: 

Confinement 

Condition 

Charge Diameter, in. 

Density, gm/cc 

Rote, meters/second 

Wfyee*e»k%i % 30°C, 90* RH 0.01 

VeloHBly: 
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Tbtranltrocarbazo7.e (TOC) 


TMt! 


Shaped Charge Bffetthremese, TMT = 100 s 


Mm ML Mil Fveteetleb Let WG-flt 

DimiYy.gm/ec 
Outgo Wt, lb 

Tllll Mow Of FiSgSNSfSS 
For TNT 
For Sublet HE 

1 took HI, MtiUI NoiocMOt Ut KC4i 

Density, gm/cc 
Chorge Wt, (b 

fmlNfctffnpi-oi 

For TNT 
For Sublet HE 


Ptsgmsef Velecfeyi ft/toc 
At?ft 
Ai2S%#t 

Density, gm/cc 


Moot (Moths te TMT): 


Glen Cones Stool Conot 

HoloVolumo 

rVaaii. 

note «§PlFt 


Mon 


Light yellow 


PrlertpM Uses* Component of ignitor and 
pyrotechnic co^osltlocs 


MeShed of leedhr 

Pressed 

tsedtop BssAp gm/cc 

4 



Method Dry 

Hasord Cion (Quootity-Oistonce) does 9 


Ain 

Fook Pressure 

Impedes 

Energy 

Impulse 

Under Water: 
Peek Pressure 
Impulse 
Energy 

Vodespooods 

Peak Press f^e 

Impulse 

Energy 


Compatibility Gro<Jp 
Exudation 


Solubility in Water, 
gm/lOO SL Uh !±l 

95°C 

Qualitative Solubilities: 


Solvent 

Nitrobenzene 

Acetone 

Benzene 

Chloroform 

Carbontetrechloride 

Ether 

Ether, petroleum 


0.10 


Solubility 

Very soluble 

Soluble 

Insoluble 

Insoluble 

Insoluble 

Insoluble 

Insoluble 
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TO tranl trocerbs sole (TOO) 


Preparation: 



Sulfonation: Fifty-six gms of carbazole Is dissolved in 320 gms of HpSO^ (9^ specific 
gravity 1.85)7" ihe solution is agitated during the addition of the carbazole and the tempera¬ 
ture maintained at 25°-33°C. After the addition of the carbazole is completed, the agitation 
is continued and solution completed by raising the temperature to 80°-85°C and aalntalning 
this temperature for one hour. The sulphate is now cooled to 20°C. 

Nitration: The sulfonate solution is slovly added to 168 gms of HNO^ (Plant grade specific 
gravity £.$55 at 15°C) maintaining the temperature at 30° to 50°C. (Tine required - 1 hour 25 
minutes). The temperature is then gradually raised to 70° to 75°C and maintained for one hour 
after which the temperature is raised to 85^ to 90°C and held for one hour, then lowered to 
room temperature before drowning. 

Dro wning: The nitration mixture is drowned by pouring it into 2 to 3 volumes of ice and 
water. 


Filtering: The separated light yellow product Is filtered on s Buchner Funnel and washed 
with watertvice to remove most of the acid. 

Purification: The TKC is placed in hot water (95° to 100°C) and boiled for five to ten 
minutes wHF rapid agitation, allowed to settle then filtered and washed once. Ibis proce¬ 
dure is repeated twice, making a total of three "boilings.” The final wash is acid free. 

Bgying: The THC is spread in a thin layer and dried at 100° to 110°C for four hours. 

Yield: 73-3*. 

Melting Point of TOC as prepared: 28o°C (compares to 296°C for pure 1,3,6,8-isooer in pre¬ 
ceding data). 


The preparation of TOtraaitrocarbazole (TOC) was first reported in 1880 by C. Graebe (Ann 
202, 26 (i860)) who nitrated carbazole with nitric acid. Similar procedures were followed 
STr. Escalet (Ber 3596 <1904))and P. Zierch (Ber 42, 3800 i909U However, G. L. Ciami- 

cian and P. P. Silber observed the formation of four isomeric 'TOC's when acetyl carbazole was 
treated with fuming nitric acid (Gazz chin ital 12, 2?2 16820. In 1912 and 1913 patents were 
Issued to the dyestuff manufacturer, Caaella and Company, covi ring the preparation of polyni- 
trocarbazoles (German Patent 268,173 and French Patent 464,538). The CSsella process of 
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Tetranitrocarbazolc (CTC) 


preparing polynltrooarbazoles by dissolving carbazole in sulfuric acid and treating the solu¬ 
tion of sulfonic acids with strong nitrating agents is essentially the process used today in 
the United States. Ike crude product, thus prepared, contains principally 1,3,6,8-TNC (W. 
Borsche and B. G. B. Scholten Ber 50, 596 (1917) and about 10^ of the 1,2,6,8-TRC isomer 
(D. B. Murphy et al J Am Chem Soc t5*, 4289 (1953)* TNC vas used in explosives by the Germans 
during World Vkr II. 

References: 71 

(a) D. B. Murphy, F. R. Schvartr, J. P. Picard-and J. V. R. Kauftaan, ’’Identification of 
Isooers Formed in the Nitration of Carbszole,” J Am Chem Soc, 75* 4289-4291 (1953)* 

(b) S. Livingston, Preparation of Tetranltrocarbazole , PA Chemical Research laboratory 
Report No. 136 , 330 , 11 April 1951. 

(c) D. Bv Murphy et al. Long Range Basic Technical Research Leading to the Development of 
Improved Ignition oype Powders - flie Chemiotry of Tetranltrocarbesole , PA Memorandum Report 
No. 22, 2 September 1952. 

(d) S. Livingston, Development of Improved Ignition Type Powders , PATR No. 2267, July 1956. 

(e) Also see the following Ficatinny Arsenal Technical Reports on Tetranitrocarbazole: 

0 2 £ 4 I 
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2,^,2' .V-Tatranltro-caanlllde (TOO) 
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? ? 

c bO.O c-c 

SH NK 

r x^s r . no 2 

S 20.0 j I I 2 

0 38.1 kJ kJ 

C/H Rotio 0.735 NOj Nij 

M^calar (C^HgNgO^) U20 

Oxygen lolanco: 

COs % -8 k 

CO % -31 

Density: gm/cc 

MeMag Paint: °C Decomposes 313 

Freezing Point: *C 

l-MCt Senslfivlfy, 2 Kg Wt: 

Bureau of Mints Apparatus, cm 

Somplt Wt 20 mg 

Picatinny Arsenal Apparatus, in. 30 

Somplt Wt. mg 11 

feiUa. Ntat: "C 

Reftncthre Index, nj 

nS 

nS 

Steel Shoe Unaffected 

Fiber Shoe Unaffected 

Vacuum Stability Tact: 

cc/40 Hrs, ot 

90*C 

100 # C 

120’C 0-U 

135*C 

150 e C 

Riffle laBet Impact Test: Triols 

% 

Explosions 

Port io is 

Burned 

Unoffected 

200 Gram iamb Sand Test: 

Sand, gm l6* 3 

fiplesiia Temperature; °C 

Seconds. 01 (no cop used) 

1 

5 392 

10 

15 

20 

Sensitivity to Initiation: 

Minimum Detonating Charge, gm 

Mercury Fulminote 

Lead Aside 0.20 

Tetryl 0.25 

••Ufetic Mortar, % TNT: 

Trees! Test. % TNT: 

75‘C latometieael Heat Test: 

% Loss in 48 Hrs 

Plato Dent Test: 

Method 

Condition 

Confined 

Density, gm/cc 

Brisonce. % TNT 

tOOt Heat Test: 

% Loss. 1st 48 Hrs 0-07 

% Loss. 2nd 48 Hrs 0.00 

Explosion in 100 Hrs None 

Detonation Rato: 

Confinement 

Condition 

Charge Diometer. in. 

Density, gm/cc 

Rote, meters/second 

Flammability lades: 

HnfMMticItr: % 30°C, 90* RH If ace 

Volatility: 
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2.^.2' .^'-Tttrultro-OJnnlXlde (TOO’ 
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Jb 


i 



2.U.2* jV-Titrsnltro-oxanlllde (TWO) 


Method of Preparetlon: 

0 0 



♦2H 2 0 


< 


♦ 


> 

* 

> 


i 

ir 

■j. 

« 

* 

i 

* 


* 



Oummilde: 


Two parte of oxalic add are nixed vith one part of aniline in a round bottom flask. The 
mixture Is stirred and heated until the reaction Is complete as evidenced by the cessation of 
effervescence. The mass is cooled to room temperature, poured Into several volumes of eater 
(21 0 -24 0 C), filtered on a BUchner funnel and mashed free of oxalic add vith eater and then 
washed free of aniline vith acetone. The oxanlllde is air dried to remove the acetone and 
then dried et 100°-110°C. 

Tetreattro-oatnnlllde (WO); 

A 5 liter round bottom flaak le equipped vith a stirrer of a type which vll? produce a 
downward "svirl." The flaak is surrounded vith a water Jacket for hot and cold water. Fif¬ 
teen hundred grams (1.5 kilograms) of 96% plant grade nitric add 1s placed into the flask. 
Five hundred (500) grams of oxanlllde Is slowly added to the add under rapid agitrtion while 
the temperature is maintained below 1*0°C. After the addition of the oxanlllde is completed 
(2$-j hrs), the agitation is continued 10-15 minutes. The temperature is then raised to 80°C 
over a period of one hour and maintained at 80°-85°C for 3 hours. The acid slurry is then 
cooled to room temperature and drowned by pouring over cracked Ice. The product Is filtered 
on a Buchner funnel and washed vith water until it is almost acid free. The filter cake Is 
placed in a beaker and sufficient water added to form a "slurry." Live steam Is run Into the 
"slurry" under agitation for 10 minutes. The slurry is filtered and the residue washed. The 
latter treatment of the "slurry" is repeated until the wesh water is found to be neutral to 
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2,U,2’ , V .'Patranltro-oxanillde (TRO) 


litmus paper. Die TWO Is washed vitb alcohol, then acetone, air dried and finally dried at 
100°-110°C. 

Yield - 90# to 97.5# of theoretical. 

A. G. Perkin in 1892 obtained tetranltro-oxanlllde directly by heating a solution of finely 
powdered oxanlllde In nitric acid. He also obtained the seas compound by the action of a 
cooled mixture of nitric and sulfUrlc acids on oxanlllde and precipitating the product by 
pouring the solution into water (j Chem Soc 6l, 460 ( 1892 ). 

References: 72 

(a) S* Livings ton, Development of Improved Ignition Type Powders , PATH No. 2267, July 1956. 

(b) D« Dubrov and J. Kristal, Su bstitution of Tctranltro Oxanlllde and Hcxanitro Oxanlllde 
for Itetranltro Carbazole, PA Pyrotechnic Research laboratory Report 54-TP 1-88, 20 December 


75 


S«e footnote 1 , page 10. 
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Csmpssitisw: 



% 

H,C— N — 

NO- 

c 29.3 

3 I 

2 

H 1-7 0 2 N 


Y«0 2 

N 21*.4 

L. 

J 

0 kk. 6 

N° 2 


C/H Ratio 0.U20 


Impact Sensitivity, 2 Kg Wt: 


26 

Bireau of Mines Apparatus, cm 

Sample Wt 20 mg 



Picotirmy Arsenal Apparatus, in. 

8 

Sample Wt, mg 


18 

f Irilnm m -~ J 1 — T^Ai 

rVVCvVM iNOVWM iwma• 



Steel Shoe 


Crackles 

Fiber Shoe 


Unaffected 

Rifle Ballet Impact Test: Tric!s 



% 


Explosions 

13 


Portia Is 

5^ 


Burned 

10 


Unaffected 

23 


Explosion Temperature: 

•c 


Seconds, 0.1 (no cop used) 

3**0 


1 

314 


5 Ignites 

257 


10 

238 


15 

236 


20 

23 U 


75 °C latentetienol Heat Test: 



% Loss in 48 Hrs 


0.01 

100' * Heat Test: 



% ^oss, 1st 48 Hrs 


0.1 

% Leu, 2nd 48 Hrs 


0.0 

Exploskn in ICO Hrs 


None 

Flnmmebilit) Index: 



Hyf»o»w»lclty; % ■>*) °c, 90% RH 

o.ol* 

VoWHWty: 25°C 


0.00 


• w#h ((ytjNjOg) 


Oxygon Belsnss: 


.1*7 s 

CO, % 


co% 


- 8 

Density: gm/cc 

Crystal 

1.73 



130 

*- 1-i— . - 

vV* 



-- m —«. 

K 1 HR ot 1 PIw| V VII* 

cc/40 Hr*, at 
90*C 
100*C 
120*C 
135*C 
150*C 


200 (SfM Bomb M T«h 

Sand, gm 


g__ !a!_!a _Ag. IaIdIaAIaa* 

JWWIfWy 19 

Minimum Detonating Charge, gm 
Mercury Fulminate 
Leod Azide 


♦Alternative ini tie ti 


chargee. 


Belttstic Motor, % TNT: 

(a) 

130 

TiorxJ Test, % TNT: 

(b) 

125 


Plate Dent Test: (c) 

Method A 

Condition Pressed 

Confined Yes 

Density, gm/cc 1.50 

Br iso nee, % TNT ll6 


ftitaoattoa |*m« 

Confinement 

Condition 

Chorge Diometer, in. 
Density, gm/cc 
Rote, meters/second 


B 

Pressed 

No 

59 1.36 

5 96 


None 

Pressed 

1.0 

1.71 

7650 
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IMRI« WnirV| 1 W» 

(d) 

Condition 

Preaeed 

Tetryl, gm 

100 

Wax, in. for 50% Detonation 

2.01 

Wax, gm 


Density, gm/cc 

1.58 

Meet of: 


Combustion, cal/gm 

3925 

Explosion, coi/gm 

1080-1130 

Gas Volume, cc/gm 

T60 

Formation, cal/gm 

-14 

Fusion, cal/gm 0 (e) 

22.2 

Temperature, C 

12T 

Spe£k Heat: col/gm/X 

(e) 

-100 

0.182 

- 50 

0.200 

0 

0.212 

50 

0.223 

100 

0.236 

laraiag Rata: 


cm/sec 


ThwaMl Cifcitiil*|: (*) , 


col/MC/cm/’C 5*81 x 10‘7 «t 

1.39^ gm/cc 

6.83 x 10 «t 

1 . 52 d gm/cc 


CooffictMt ef 

Uneor, %/*C 

Volume, %/*C 


IMmNi O O ifci 1 Seth: 


Ymi'i 

E\ dynes/cm* 
E, 16/inch* 
Density, gm/cc 


Strength: lb/inch* 


Vapor Pressure: 

•C mm Mercury 


Oxygen, atoms/sec 
(Z/sec) 

Heat, kilocolorie/mole 
(AH, keal/mol) 
Temperature Range, °C 

Phase 


Aneer Plate Im p a ct Test: 
40 omk Matt e r Preiac t ll 




211-260 132-161* 
Liquid Liquid 


50% Inert, Velocity, ft/sec 
Aluminum Fineness 


Plate Thickness, inches 


tiwb Dreg Test: 

T7, 200046 $ eai I Anaer P i er clag I cm 6 re Concrete: 

Max Safe Drop, ft 

50046 General Purpose a om6 w C ea c rete: 

Height, ft 
Trials 
Unaffected 
Low Order 
High Order 

100046 Gen er al Purpose Baai6 re Ceacrete: 

Height, ft 
Triols 
Unaffecteo 
Low Order 
High Order 
















1 
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PregaMatetiea Test: 


M MM HI. M71 Fn^eHW, Ut WC-tl: 


Density, gm/cc 

1.58 

Chorg# Wt, lb 

2.052 

Total Ha of F ref meets: 


For TNT 

703 

For Subject HE 

864 

3 HI, M42A1 Let KC-S: 


Density, gm/cc 

1.62 

Chorge W;, lb 

0.848 

Tetel He. ef Fie genet i: 


For TNT 

514 

For Subject HE 

605 

Frefmeet Velocity: ft/sec 

At 9 ft 

At25Hft 


Density, gm/cc 


Men (Motive te TNT): j 


Sfceped Cfcerye IHkNvwm, TNT ~ 100: 

Glass Cones Steel Cones 

Hole Volume 
Hole Depth 


Color: Light yellov 


Priectpel Um: Boosters? ingredient of explo¬ 
sive mixtures, detonators, and 
blasting caps 


Method off Loading: 


Pressed 


U i < i Density: gm/cc See belov 


Dr- 


Hozord Class (Quantity-Distance) Class 9 


Air: 

Peok Pressure 

Impulse 

Energy 

Air, Cetfieedi 
Impulse 


Compatibility Group Group L 

Exudotirjn Does not exude at 65°C 

Loading Density: gm/cc 

Cast 1.62 Pressed psi x 10^ 


UMer Water: 
Peok Pressure 

Impulse 

Energy 


Usdeigfsssd: 

Peak Pressure 

Impulse 

Energy 


o 3 5 io 

0.9 1.4o 1.47 1-57 


12 15 ^0 
1.60 1.63 1*67 


30 

1.71 

Effect of Temperature on 
Rate Detonation: 


36 hrs at, C 
Density, gm/cc 
Rate, m/sec 


(j) 


-54 

1-52 

7150 


21 

1.53 

7170 
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Tetryl 


Preparation: 

( ltenufacture of Tetryl by Ittnitromoncwethyl aniline Pro cose , Wannamaker Chemical Cc •, Inc.) 


CgH,(K0 2 ) 2 Cl + CHjSHg + NaOH—*C 6 H 3 (N0 2 ) i; -NH-CH 3 + NaCl + HjO 


c 6 h 3 (no 2 ) 2 -nh-ch 3 + 2HN0 3 




’-N-N0 o 



♦ 2H 2 0 


To a solution of 202.5 gm dinltrochlorbenzene in 200 cc benzene, at 75°C with good agita¬ 
tion, in 15 to 20 minutes, add 112 gm of 30$ aqueous raonomethylamine- Then add 129 go of 31$ 
aqueous sodium hydroxide, in 15 to 20 minutes, at such a rate as to cause refluxing; continue 
agitation for 3 hours at 70°C. The mixture is concentrated to a liquid temperature of 101°- 
102°C, cooled, filtered and the precipitate vashed vith distilled vatei until the washings 
give no teat vith silver nitrate, dried at 6o°C (melting point 167.2°c) 


The dinitrooethylanlline is nitrated to tetryl by solution of it in 88$ sulfuric acid (197 
gm nitroeniline/1190 gm sulfuric) at 25°C, followed by addition of nitric acid. The process 
is carried out so that the water content remains at 16$. Solution (per 197 gm nltroanillne) 
requires 5 to 10 minutes, nitration, by addition of the sulfuric acid solution to nitric add, 
about 1 hour at 30°C, plus 1*8 minutes at 50° to 55°C at the end. The mixture is then cooled 
to 20°C and filtered. The tetryl is dumped into 1 liter water, vashed 2 or 3 times vith 200 
cc cold water, and then stirred 10 to 15 minutes at 50°C with 500 cc water, filtered warm aM 
then washed with water until the washings are neutral to methyl orange. The tetryl dried to 
constant weight at 70°C weighs about 2J0 gm. 


Tetryl filtered from an acid containing 87 $ sulfuric acid (or more) -13$ water, at 1*0°C 
(or over) may fire in 30 minutes to 1 hour and 30 minutes, if not. drowned in water. A safe 
nitration procedure, even on plant scale involves: 

1. The concentration of sulfuric in the jpent acid is maintained at a low level (approx 
80/1.6/18.2 sulfUric/nitric/water). 


2. Nitration maximum temperature is 50°C. 

3 . The slurry is cooled to 35°C before filtration. 

4. Filtration time prior to drowning, is minimized (15 minutes maximum). 

The crude tetryl produced is recrystallized to remove impurit ; and occluded acid and to 
control its granuleLion. 








Tetryl 
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Xylene TNT 


fc 

i 

!£ 

< 

20 

3.3 

80 

82 

30 

h.h 

100 

1^9 

hO 

5-h 

120 

6U5 

50 

6.0 




Origin: 


Ttetryl vas first described In 1879 ty Mlchler and Meyer (Ber 12, 1792), van Romburgh and 
Martens studied its properties and proved its structure (Rec trav chirr. 2, 108 (1883); 8, 215 
(1887); and 3er !£, 2126 (1886)). Tetryl vas not used as an explosive Until World Vfar“l. 
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Destruction by Chemical Decomposition: 


Tetryl is decomposed by dissolving in 12 times its weight of a solution prepared from 1 
part by weight of sodium sulfite (RagSOo'THgO) in 4 parts water. The sulfite solution may 
be heated to 80°C to facilitate decomposition of the Tetryl. 

References: 73 

(a) L. C. Staith and E. G. Oyster, Ph ysical Testing of Explosives, Part III - Miscellaneous 
Sensitivity Tests; Performance Tests , Oaib Report No. 57^6, 27 December i9^5- 

(b) Ph NAoum, Z ges Schless—Sprengstoffv , pp. l3l, 229, 267 (27 June 1932) 

(c) D. P. Mac Doug a 11. Methods of Physical Testing , OSRD Report No. 803, 11 August 1942. 

(d) L. C. 9nith and S. R. Whlton, A Consideration of RDX/Wiax Mixtures as a Substitute for 
Tetryl in Boosters , NOL Memo 10,303; 15 June 19^9* 

(e) C. A. Taylor and Wm. H. Rinkenbach, "The Solubility of Trinitro-Phenylmethyl-Nitramine 
(Tetryl) in Organic Solvents,” J Am Chem &:c 45 ,, (1923) P* 104. 

(f) E. Hutchinson, Th e The-rml Sensitiveness of Explosives, lhe Thermal Conductivity of 
^xploslve Materials , AC 3fcl, First Report^ August 1945. 

(g) R. J. Finkelstein and G. Gamov, Picary of the Detonation Process , NAVQRD Report No. 
90-46, 20 April 1947* 

(h) M. A. Cook and M. T. Abegg, "Isothermal Decomposition of Explosives,” University of 
Utah, Ind Eng Chem 1090-1095 (June 1956). 

(i) J. W. Brown, D. H. Kusler and F. C. Gibson, Sensitivity of Explosives to Initiation 
by Electrostatic Discharges , U. 8. Dept of Int, Bureau of Mines, RI 3&52, 19^6. 

(j) W. F. McGarry and T. W. Stevens, Detonation Rates of tie More Important Military 
Explosives at Several Different Temperatures , PAIR ho. *30 3 > NjvSEer 195b. 

(k) Also see the following Picatlnny Arsem 1 Technical Reports on Tetryl: 


3 See footnote ), nage.10. 







Im pa ct IwOWty, 2 Kg Wl: 
Bureou of Mints Apporatus, cm 
Somplt Wt 20 mg 
Picotinny Arsenol Apparatus, in. 
Samp*# Wt, mg 


Dwsifif: gm/cc 


MelNeg Pet*#: *C 


Freedeg Nint: *C 


•eiNeg Felet: *C 



Steel Shot 
Fiber Shot 


UAi Mitt Impact Tech Trials 

% 

Explosions 0 

Portia Is 20 

Burned 0 

Unaffected 80 

Espltcitt TMpxdwt: 'C 


Seconds, 0.1 (nc cop used) 


1 

5 Ignites 290 


10 


15 


20 


7S'C latemertenel Hoot Test: 


% Loss in 48 Hrs 


100‘C Nttl Test: 


% Loss, 1st 48 Hrs 

0.1 

% IjOss, 2nd 48 Hrs 

0.5 

Explosion in 100 Hrs 

None 

FlawrntMHty Index: Will not continue 

to burn 

Kfprttctplcfey: % 

0.02 


VtctHMn SuMMy Test: 

CC/40 Hrs, at 

90*C 

100*C 

120*C 

135*C 

150*C 

3-0 

11+ 

200 firm Iwl Send Test: 


Sand, gm 

54.0 

iwi Ithrlty ft lattCHe*: 


Minimum Detonating Charge, gm 


Mercury Fulminate 

0.22* 

Lead Azide 

0.17* 

♦AlteftWlve Initiating charges. 


BettsHc Mortar, % TNT: 

Treed Test, % TNT: 

Plate Dent T est: 


Method 


Condition 


Confined 


Density, gm/cc 


Brisonce, % TNT 



O e f eeeHoe Rate: 

Confinement 

Conaition 

Charge Diomittf, in. 
Density, gm/cc 
Rate, meters/second 


VeMNfy. 

























Air: Compatibility Group Gro»!p I 

Peak Pressure 

Impulse Exudation Exudes it 65^C 

Energy 












AMCP 706-177 


% 

Tetryl 

MT 


C/H Ratio 


Impact ScmWv^, 2 K| Wt: 

Bureau of Mines Apparatus, cm 
Sample Wt 20 mg 
Picotinny Arsenal Apparatus, in. 
Sample Wt, mg 


Moleceler Weight: 


270 

Oxygen Balance: 

CO, % 

CO % 


< • 

ro'g- 

Density: gm/cc 

Cast 

1.59 

Melting Point: °C 


68 

Fteasing Point: °C 

Boiling Point: °C 


Refractive Index, n£ 


Friction Psndnlnm Test: 




Steel Shoe 



Crack*. 

Fiber Shoe 



Unaffected 

Rifle toilet Impact Test: 

Triols 


Explosions 

% 

0 


Portia Is 

30 



Bur i*d 

0 



Unaffected 

70 



Kxt osion Temperature: 

[ l (.onds, 0 1 (no cop used) 

*C 


i 

5 Ignites 


3io 


10 




15 




20 




7S'C International Heat Test: 

% Leas in 48 Hrs 

100'C Hoot Test: 




% Low, 1st 48 Hrs 

% Loss, 2nd 48 Hrs 
Explosion m 100 Hrs 




_ 

Flammability Index: Will 

not 

continue to burn 

Hygroecnpicity: % 



0.03 


Volatility: 


Vncnnm Stability Test: 

cc/40 Hrs, ot 

90 J C 

100°C 

120T 

135°C 

150°C 


3.0 

lit- 

200 Gram Bomb Send Tost: 

1 Sand, nm 


53-7 

t —- !s! u ;fu 1 ■ lol 

amDImiVify o«P IIITIvTIDN* 

Minimum Detonating Chorge, gm 


Mercury Fulminate 


0.23* 

Lead Azide 


0.19* 

♦Alternative initiating charges. 


Ballistic Mortar, % TNT: 

(«) 

122 

Tran**l Test, % TNT: 

Plot# Dent Test: 

(b) 


Method 

3 

B 

Condition 

Cast 

Cast 

Confined 

r,’o 

Yen 

Density, gm/cc 

1-66 

1.62 

Brisonce, % TNT 

lie 

111* 

1 Detonation Rate: 

Confinement 


Kone 

Condition 


Cast 

Chorge Diometer, in 


1.0 

Density, gm/cc 


1.60 

Rote, meters/second 


73^5 




















CtMtff If f—Hv— u , TNT = 100: 















Tw*. 


Mc H w Tut; 

Steel Shoe Unaffected 

Fiber Shoe Unaffected 


Ufte Bullet Ir.pact Teat: Trials 

% 

Exp'ss ions 0 

Partial* 55 

Burned 0 

UnoHected L5 


Ixpleelea Ta m p a re te re: *C 

Seconds, 0.1 (no cop used) hl6 

\ 387 

5 Ignites 320 

10 302 

15 289 

20 275 


7S*C lator aoHoa el Meet Teat: 

% Loss in 48 Hrs 


100*C Heet Teat: 

% Loss, 1st 48 Hrs 0.1 

% Loss, 2nd 48 Hrs 0.1 

Explosion in 100 Hrs None 


FlemmebiUty Index: Will not continue to bum 


Hyproa c opl c ify: % 0.02 


Volatility: 


Vecuem Stability Teat: 

cc/40 Hrs, ot 
90*C 

100 # C 

120*C 

135*C 

150-C 


200 Gram Bomb Bead Taut: 

Send, gm 


f , - ,l|1. ,U, , ^ - 

JlwIlilTlly W IMWVVMa 

Minimum Detonoting Charge, gm 
Mercury Fulminate 
Lead Azide 

♦Alternative initiating cha 


Belliatk Mortar, % TNT: (a) 


Trees! Teat, % TNT: 


Plate Dost Teat: (b) 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 


Dataae t iaa Bate: 

Confinement 

Condition 

Chorge Di'vnater, in. 
Density, gm/cc 
Rote, meters/second 


AMCP 706-177 


CempeeMee; 

% 

Tetryl 

TUT 


C/H Rotio 


Impact Sasalthrity, 2 K« Wt: 

Bureau of Mines Apparatus, cm 
Semple Wt 20 mg 
Picatinny Arsenal Apparatus, in. 
Sample Wt, mg 


Molecular Welfbt: 


266 

Oxygen Balaaca: 



CO- % 


-55 

CO % 


-13 

Deaaity: gm/cc 

Caet 

1.60 

Melting Poiat: # C 


68 

Pleasing Paint: °C 

Mm: *C 


»« 
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Tetrytol, 70/ 




F r a g menta ti on Test: 

fO mm Hi, M71 Pre|*<tita, Lot WC-tl: 


Density, gm/cc 1 .60 

Charge Wt, lb 2.090 

Total Me. of Frogmeats: 

For TNT 703 

For Subject HE S^O 

3 leek Ml, M43A1 Pmjectile, Let KC-S: 

Density, gm/cc 1.60 

Charge Wt, lb C.8^2 

Total No. of Fragments: 

For TNT 5lU 

For Subject HE 585 


Fragmoat Velocity: ft/sec 
At 9 ft 
At 25H ft 

Density, gm/cc 


Blast (Rotative fa TNT): 
Air: 

Peak Pressure 
Impulse 
Energy 

Air, Confined: 
Impulse 


Shaped Charge Effectiveness, TNT = 100: 

6loss Cones Steel Cones 

Hole Volume 
Hole Depth 


Color: ulght yellov to tuff 


Principal Uses: Bursters, demolition blocks 


M ethod of Loading: Cost 

Loading Density: gm/cc 1 .60 

) 

elOtafB* 

Method Dry 

Hozord Class (Qucntity-Listonce) Class 9 

Compatibility Group Group I 


Exudation Exudes at 6^°C 


Under Water: 

Peak Pressure 

Impulse 

Energy 

Undergroand: 

Peak Pressure 
Impulse 

Energy 












AMCP 706-177 



MaUcuhr Wafcht: S6U 

% 

Tetryl 65 

TNT 35 

Oiyfta Mmm: 

CO. % -56 

CO % -i 1 * 

C/H Ratio 

Density: gm/cc 1.60 

M*M*t NiM: "C 68 

Praesief Point: *C 

impost MNvUy, 2 Kf Wt: 

•oUtof Mat: *C 

Bureau of Mines Apparatus, cm 2d 

Sample Wt 20 mg 

Picotinny Arsenal Apparatus, in. 11 

Sample Wt, mg IT 

Refractive Index, n£ 

n£ 

nS 

w $Fi^W&W9* rfwBlmW • ill • 

Steel Shoe Creeks 

Fiber Shoe Unaffected 

Veceem Stability Test: 

cc/40 Hrs, at 

90°C 

100°C 2.8 

120°C 11+ 

I35°C 

150°C 

Rifle Bullet Impact Test: Triols 

% 

Explosions 0 

Partiols 10 

Burned 0 

Unaffected 90 

200 Gram Bomb Send Test: 

Sand, gm 52.6 

Explode* Temperature: °C 

Seconds, 0.1 (no cap used) 

1 

5 Ignites 325 

10 

1 e 

Sensitivity te Inkietie*: 

Minimum Detonating Charge, gm 

Mercury Fulminote 0.23* 

Lead Azide 0.23* 

*Alte\r5lW!ive initiating charges. 

15 

20 

Ballistic Mortar, % TNT: 


T*a*il Tatt, % TNT: 

7S*C International fleet Test: 

% Lou in 48 Hrs 

Plete Dent Test: 

Method 

100*C fleet Test: 

% Loss, 1st 48 Hrs 
% Lou, 2nd 48 Hrs 

Explosion m 100 Hrs 

Condition 

Confined 

Density, gm/cc 

Brisonct, % TNT 


Detonation Rate: 

Confinement I’one 

Flammability Index; Will not continue to turn 

flyp res topic Ity: % 0.02 

wonamon uoo u 

Charge Diometer, in. 1.0 

Volatility: 

Density gm/cc ]. 60 

Rote, meters/second 7310 
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6; 


FrepmeoNtiee Tut: 


00 mm HI# M71 Projectile, Let WC-tl: 


Density, gm/cc 

1.6l 

Charge Wt, lb 

2.010 

Total No. #1 Fragments: 


For TNT 

703 

For Subject HE 

856 

) lack HE, M42A1 Projectile, Let KC-3: 


Density, gm/cc 

1.60 

Chorge Wt, lb 

0.8i*5 

Tetal No. off Fragments: 


For TNT 

51^ 

For Subject HE 

585 

Fragment Velocity: ft/sec 


At 9 ft 

At 25Vfc ft 


Density, gm/cc 


Meet (Relative to TNT): 


Ain 


Peak Pressure 


Impulse 

Energy 


Air, Confined: 


Impulse 


Under Water: 


Peak Pressure 

Impulse 

Erwrgy 


Undergreand: 


Peak Pressure 

Impulse 

Energy 



Sh«H Omit I H t rthmw , THT = 100: 

(d) (e) 

Glass Cones Steel Cones 
Hole Volume 133 126 

Hole Depth ISO 119 


^ Light yellow to huff 

Principal Ueee: Bursters, demolitior 

blocks 

i 

Melbed of Leading: 

O-t 

Leading Density: gm/cc 

1.60 

dsafwfii 


Method 

Dry 

Hozard Class (Quontity-Distonce) 

Class 9 

Compatibility Group 

Group I 

Exudation Exudes 

it 65°C 


i8 
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Tetrytol, 00/20, 75/25, 70/30, b5/3t> 


Compatibility with Metals: 

Dry: Copper, brass, aluminum, magnesium, stainless steel, mild steel, mild steel coated 
vitEacid proof black paint and mild steel plated vith copper, cadmium, zinc or nickel are 
unaffected. Magnesium-aluminum alloy is slightly affected. 

Wet: Stainless steel and mild steel coated vith acid-proof black paint are unaffected. 
Copper, brass, aluminum, magnesium, magnesium-aluminum alloy, mild steel and mild steel plated 
vith cadmium, copper, zinc or nickel are slightly affected. 

Preparation: 

Tetrytole a-'e manufactured by heating TNT in a melting kettle, equipped vith a stirrer, 
until all the TNT is melted. 'Die necessary amount oftetryl is added and heating and stirring 
are continued. Hie temperature is allowed to drop from 100°C until the mixture is of maximum 
viscosity suitable for pouring. Part of the tetryl dissolves in TNT forming a eutectic mix¬ 
ture which contains 55 percent tetryl. This mixture freezes at 67.5°C. 

Origin; 

Tetrytols were developed during World War II. Hie 70/30 tetryl/TNT castable mixture Is 
the most important in military applications. 

References: 

(a) L. C. Smith an~ E. G. Jester, Physical Testing of Explosives, Part III, Miscellaneous 
Sensitivity Tests, Performance Teats , 0SRD Report No. 5746, 27 December 19^5• 

(b) D. P. AcDougall, Methods of Physical Testing , 0SRD Report No. S 03 , 11 August 1942. 

(c) L. C. Smith and S. R. Walton, A Consideration of RDX/Wax Mixtures as a Substitute for 
Tetryl in Boosters , N0L Memo 10,303, 15 June 19^9* 

(d) Eastern Laboratory, du Pont, Investigation of Cavity Effect. Sec III, Variation of 
Cavity Effect vith Explosive Composition , NaRC Contract W67^-ORD-5723. 

(e) Eastern laboratory, du Pont, Investigation of Cavity Effect , Final Report, Eastern 
Lab, du Pont, 16 September 1943, NDRC Contract V-672-0RD->;23. 

(f) Also see the following Picatinny Araenal Technical Reports on Tetr>tol: 


0 

1 

2 

1 

2 

6 

7 

8 

9 

1260 

1291 

1372 

1193 

1265 

1376 

1477 

1158 

13T9 

1360 

1311 


1213 

1325 

1436 

1737 

1388 


1420 

1451 


1363 

1885 

1466 

1797 

1838 


1500 

1651 


1493 

2125 

1506 





1530 1951 


:J41i 


^See footnote l, page 10, 




CompoiMmi: 

% 

C 37.0 CH 3 

H 2 - 2 0 

Malacalar (C^H^B^Og) 227 

OiyfM Balance; 

co= % - 71 * 

CO % -25 

N 13.5 

0 1*2.3 

C/H Rotio 0.5 1*9 ‘ ; °2 

Density: gm/cc Crystal I.65 

Malting Point: °C Si 

Freezing Feint: °C 

Import linitMly, 2 Kf Wt: 

Bureau of Mints Apparatus, cm 95-100* 

c amplt Wt 20 mg 

Picotirmy Arsenal Apparatus, in. 1^-15 

Sample Wt, mg 17 

Belling Point: °C 

Refractive Index, n£ a 1.5^30 

6 1.671*2 

T 1.717 

Friction Pondolom Test: 

Steel Shoe Unaffected 

Fiber Shoe Unaffected 

Vecnum Stability Test: 

cc/40 Hrs, at 

90°C 

100°C 0.10 

I20°C 0.23 

)35*C 0.W* 

I50"C 0.65 

Rifle Belief Impect Test: Trials 

% 

Explosions 4 

Port io Is 0 

Burned 0 

Unaffected 6 

200 Grom Bomb Send Test: 

Sand, gm 48.0 ^ .3 

Explosion Temperature: °C 

Seconds, 0.1 (no cop used) 570 

1 520 

5 Decomposes 475 

10 465 

15 

20 

Sensitivity to Initiation: 

Minimum Detonating Charge, gm 

Mercury Fulminate 0.24* 

Leod Azide 0.27* 

♦Alternative initiating charges. 

•allistic Mortar, % TNT: Std-100 


75°C Intemotionol Meet Test: 

% Lou in 48 Hrs 

0.04 

100‘C Meet Test: 


% Loss, 1st 48 Hrs 

0.2 

% Lets, 2nd 46 Hrs 

0.2 

Explosion in 100 Hrs 

None 

Flammability Index: (t) 

100 

HygroscopicIty: % 30°C, 90^ RH 

0.03 


Volatility; 30°C 


Traazl Tatt, % TNT: SLd-100 


Plato Dent Tact: 

Method 

Condition 

Confined 

Density, gm/cc 
Brisonce, % TNT 

(a) 

A A 

Cast Pi seed 

Yes Yes 

l.6l 1.50 

100 100 

B 

Cast 

No 

1.6l 

100 

Detonation Roto: 



Confinement 

Unconfined 

Ur.confinet 

Condition 

Pressed 

Cast 

Charge Diameter, in 

1.0 

1.0 

Density, gm/cc 

1.56 

1.56 

Rate, meters/second 

6825 

6640 


Nil 















TNT (Trinitrotoluene 
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1 seats r Sensitivity Test: 

(c) 


Condition 

Pressed 

Cast 

Tetryl, gm 

100 

100 

Wox, in. for 50% Detonotion 1.68 

0.82 

Wox, gm 



Density, g,n/cc 

1.55 

1.6o 

Heete#: 

(*) 


Combustion, coi/gm 


3620 

Explosion, col/gm 


1080 

Gas Voiume, cc/gm 


730 

Formation, col/gm 


78.5 

Fusion, col/gm ^ 


22.31 

Temperature, C 


79 

Spedftc Meet; col/gm/'C 

c 



“0 


0.309 

20 


0.328 

50 


0-353 

80 


0.371 


tenting laN: 

cm/sec 


Tk mmrnm m I Pja in !§■ i i 

I MVP0I MHWCVffnyi 

col/sec/cm/*C 


See next page. 


Ceefficient e# Kxpeaslen: (fc) 

Lin*or, %/'C -10° to 60°C 5-1 x 10 *’ 
-1*0° to 60°C 6.7 x 10'- 
Volum., %/*C 27° to S0°C l6 x 10 * 5 
_ 16 ° to 70°C 26.3 x 10 * 5 

Hi r4 . i ti , M.l w * If Ui (e) 1.1 


Yew*'' M ado lo t: 

E‘, uynes/cm* 

E, lb/inch a 
Density, gm/cc 


C em p renlve S trWft fc: lb/inch y 

Density, gm/cc 


5^5 x 10 
0.79 x 10 6 
l6l 


13300-11000 

1.62 


Vopor Pressure: 

c C 

So 

S5 

90 

95 

100 


mm Mercury 

0.042 

0.053 

0.067 

0.065 

0.106 


Decempesitien t^sstleti. 

Oxygen, atoms/sec 
(Z/sec) 

Heat, ki loco lor ie/mole 
(AH, kcal/mol) 
Temperature Ronge, °C 

Phase 

3 U.U 

275-310 

Liquid 

( 1 ) 12.2 

10 1 

1 * 3 . k 

23b-*77 

Liquid 

Armer Plate Impact Test: 



60 mm Mortar Prefect! le: 


(j) 

50% Inert, Velocity, ft/sec 

>1100 

Aluminum Fineness 



501Mb Geeerel Perpose tombs: 

0) 

Plate Thickness, inches 

Trials 

i Inert 

1 

0 


1*4 

0 



L 

100 

1 *4 

L 

50 

Bomb Drop Test: 



T7, 2096b Semt-Armo^Piercieg tomb 

vs Concrete: 

Max Sofe Drop, ft 

5000-6000 

500*b Geasrol Perpose l< 

xnb vs Concrete: 


No Seal 

Seal 

Height, ft 

1,000 

1 - 5.000 

Triols 

26 

20 

Unaffected 

2h 

20 

Low Order 

2 

0 

High Order 

0 

0 

1060-lb Geoerol Perpose iamb vs Concrete: 


No Seal 

Seal 

Height, ft 

5,000 

5,000 

Trials 

21 

26 

Unaffected 

1 c 

22 

Low 0>Ler 

0 

0 

High Order 

3 

k 
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TNT (Trinitrotoluene 


Fr t| — f fetiem Test: 

*0 UN* HE, M71 Projectile, Let WC-tl; 

pensity, gm/cc 
Owr^e Wt, lb 

Totel No. of NymiH ; 

F or TNT 
Tor Subject HE 

3 lech M42A1 Projectile, Let KC-5: 

Density; gm/cc 
Charge Wt, lb 

Totel K*. of Frogmets: 

fVTNT 
>or Subject HE 


Fraqi^oef Vefedty: ft/sec 
At 9 ft 
AtEHfef* 

■*>ensity, gm/cc 


ttost OteMve to TNTh 

Ata 

Peak Pressure 


Impulse 

Energy 


Under Water: 

Peak Pressure 


Peok Pressure 


E 


Shaped Charge Iffectfreoaes, TNT = 100: 

Gfcj Cones Steel Cones 
H( e Volume 10u 100 

Hole Oepth 100 100 


Colee: 

Light yellow 

Principal Uses: OP bombs, PE projectiles, 
demolition chergirS, depth charges, 
grenades, propellant compositions 

MotflMd of I ft diog: 1. 

2. 

Cast 

Pressed 

Loodiog (Mtjr: gm/cc 

See below 

StaMf.: 


Method 

Dry 

Hozord Close v uontity-Distonce) Claaa 9 

Compatibility Group 

Group I 

L— . 

None at 65°C 


Loading Denelty: gm/cc 

1. Cast 1.58-1.59 2. Pressed psi x 10 

3 5 10 15 20 30 

1.35 1.1*0 1.1*5 1.52 1.55 1*59 

Thermal Conductivity: 

cai/sec/cm/°C 

Density 1.19 gm/cc ^g) 5«28 x 10 *!* 

1.51 gm/cc (g) 7.12 x 10*7 

I .54 gm/cc fb) 5.6 x 10*7 

1.67 gm/cc (g) 12.21 x 10 "* 


Tem v . 8V>C 
100 n 0 

Bulk ’-led<a at I^oom 
Ten-Dera tv.re ( 25° - ^0°C^: 


Dynes/cm x 10 
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TET (Trinitrotoluene) 


Effect of fimaraturs on Itet* of Detonation: (1) 


Ttagroatnre of Charge, °C 

•5*» 

21 

60 

60 

Boors at fs^aratorc 

16 

16 

s* 

72 

Density, pi/cc 

1.63 

1.62 

1.64 

1.64 

Pita, asters/second 

6700 

6820 

6770 

6510 


Syayftlvl^ tc Electrostatic Discharge, Joules; Through 100 Mesh: 

ttoeonflnt4 0.06 

Oofafloed 4.4 


Dnpact aaoltirlt/ yersus TEn p arature: 

PicatLmy Armed Apparatus, 2 *g vt, inches: 


®C Inches 

-4a 17 

Boos 14 

80 7 

90 3 

105-120 2 (5 ezpl In 20 trial*) 

Zttact SeasltlTity Terns loading fotfeod, large Japact Apparatus, Inch—: 

P r essed at 1.6o g^ce 70 

Out at :V 60 gjs/ee 26 


Biflc ^alltt irpsct arvs'rtTltr Terms Tmsy » tare, Ojaflnsmts 

Booa 

' standard Iron Bonh? figgerett^ 

3o Air Sjpaat 

final* 10 

Explosions 1 twy 1oar order' 

Air qpaot 

finals 10 

Explosion* 0 


105° to 110 Q C 


10 

7 


10 

0 


Kn or OrSboarA Bocfc«: 

With er Without Air Space 

Tfclaia 10 10 

r loaleoa 0 0 






dcJSSoo Ic? \S jgg 



354 
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TNT (Trinitrotoluene^ 


It vat ths British work, on the kinetics of nitration of toluene to TNT, that first pointed 
out the basic importance to nitration processes of the nitroxyl ion (NOg*), on the one hand, 
and the role of the blsulfhte ion (HSO^-) and unionised sulfuric acid on the other* These 
concepts were successful ic explaining the maximum in nitration rate occurring et a sulfuric 
acid content of 9S$. This vork, for instance, leads to the following equation for the rate of 
formation of BIT from DNT: 


- K (H02+) [k* (HS<V) + r (HgSO^iJ (HIT) 

Tore# Stage Process: Toluene (100 gm) is nl .rated to the mono derivative by slovly adding 
a iKfcure Sti§k gm sulfuric acid (sp gr 1.84) and 147 gm nitric acM (sp gr 1.42) to it at 
30°-40®C, vJth good agitation. Acid addition requires 1-1-5 hour, and stirring at 30°-40 C 
is continued 30 minutes longer. The mixture is cooled and the lover layer of spent acid 
drevn off* 

Half the crude mono Is dissolved in 109 gm sulfuric acid (sp gr 1.84) with cooling, the 
solution heated to 50°C and a mixture of 54*5 gm nitric acid (sp 6r 1.50) snd 54.5 gm sul¬ 
furic acid (sp gr 1.84) added, under agitation, at such a rate that the tenperature is main¬ 
tained between 90° and 100°C. Acid addition requires 1 hour, snd stirring at 90°-100°C is 
cooti jed 2 more hours. 


While the dinitrstion mixture is still at 90°C, 145 gm fuming sulfuric acid (oleum con¬ 
taining 15$ ftree SO,) is added slovly. A mixed acid of 92.5 *m nitric acid (ap gr 1.50) 
and 15f oleum Is sltvlv added, under good agitation at 100°-11 " over l$-2 hour*. The mix¬ 
ture is stirred at 100 b -U5°C for 2 mar* hours, cooled, filterea, snd the TNT cake broken up 
and vashed vith vater. The TNT is vashed 3-4 times with hot vater (85°-95°C) vitt good agi¬ 
tation. The pro< ict can be purified either by re crystallization from alcohol or by washing 
it vith 5 times its weight of sodium bisulfite solution at 90°C for f hcur with vigorous 
stirring, washing vith hot vater until the vashings are colorless, and cooling slowly vith 
stirring to granulate the product. 

O rigin: 

TOT Ml first prepared in 1063 by Wlbrand (Ann 120, 170), later by teiletein and Kuhlberg 
(Bar 2/ 202 (1070) end elao Tlaaann (Ber 217 x l875T> different nethoda of »Urt- 

lng materials. It vas nearly 30 years later when Haus^rmarui undertook its manufacture on sn 
industrial scale ( Z angev Chen , 1891, p. 508; J Cham In? , 1891, p* 1028). After 1901 THT 
began to be used extensively as a military explosive anf Germany became the first nation to 
adopt it as a standard shell filler (1902-1904). Goring World *ter 1 all the major powers of 
the world were using TNT, vith the quantity used limited only by the available supply of 
toluene. Prior to World War II the development of eynthe;ic toluene from petroleum made 
available in the United States, an almost unlimited supply of this rav material. Because of 
the general suitability of TNT for melt-loading and Its extensive use in binary and ternary 
explosive mixtures, TS9T is considered the majt important military explosive known today. 



Dastruetion by Chemical Dacoapoeltion: 

TNT ic decomposed by adding it slovly, while stirring, to 30 times its weight of s solution 
prepared by dissolving 1 part of sodium sulfide (ifcgS'^lgO) ic 6 parts of water. 

References: 7 * 

(s) D. P. MscDougall, Methods of Physical Testing , 0SRD Report No. 803# U August 194?. 
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See footnote l, page 10. 
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TMT (Trialtrotoluene) 


(b) PhlUp C. Kmoaq and Dorothy Pipes* Tible of Mill 
•ion* mmm Report Mo. 87-*6, 26 July 19 U6. 

(e) L* c. Staith uid 8* R* tfelton, A Consideration of 
Tetryl in Boosters, SOL Mm 10,303* 15 June 194$. 


b. Second Rovl- 


Mlxturcs a* a Substitute for 


(d) L- C* SMlth *pd S. H* fyatar, Physics! Testing of BktIosIvos, Part in, Miscellaneous 
Sensitivity Tbits, Pirtcraance Testa, OatD ^WT»T^0ec«6we 1^57 


(e) Report AC-3587. 

(f) international Critical Tables and various other sources in the open literature. 

(g) E. Hutchinson, T te Theraal Sensitiveness of Explosives. The Tfceraaj Conductivity of 
Explosive Materials, Ad3BoT7"Hrst Report, August 1945. 

(h) A. J. B. Robert3<m, Trans fared Society* JA r 977 (1948). 

(l) M. A. Cook and M. T. Abegg*"Isothoraal Decomposition ct Explosives," University of 
Utah, Xnd tog Qgas (June 1956), pp. 1090-1095* 


(j) CooBlttee of dv 2 and 8, RISC, 
19 ^ 5 . 


on and Trltonal, 0SHD Bo. 5*06* 31 July 


(k) R. V. Drake, 
lated jbeUs, 0SRD Re 


nt Velocity and Pjgel Penetration of Several Explosives In 31 m- 
0. ^2fe, 2 January 19U. 


(l) V. I . McOarzy and ?. V. Stevens* Detonation Rates of the More 
Explosives at Several Different Teg^ratures , PA& tio. Wove^ber" 


nt Ml 11 tar 


(■) V. 3. CTaaar* ^ilk Compressibility Data on Several Hlg 


^380, 15 Sspteafcer 19 


plosives, HAV0RD Report Bo. 


(n) ftntrov. Journal of Chemical Industry (Russia) 6, 1929, pp. 1686-1688. 

(o) Also sss the fOUcving Picatinny Arsenal Technical Reports on THT: 
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861 

892 
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666 
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nvr 

1158 

889 

1270 

1431 
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% 

RISC 

THT 

Alunlnua 

C/H Ratio 


Import SoooMvfcy, 2 Kg Wt: 


Bureau of Minos Apparatus, cm 

k2 

Somplo Wt 20 mg 

Picotinny Arsonol Apparatus, in. 

9 

Sample Wt, mg 

15 

frirttoo NsRAm Tort: 


Stool Shoo 

Fiber Shoo 



Rim tun* Import Tort: Ti 

Expiations 

Partial* 

Burned 

Unaffected 

8spfcrt*!» T em p e r ature: 

Seconds, 0.1 (no cop usod) 

1 

5 Decomposes 
10 
15 
20 


75*C lotomoHoool Moot Tort: 

% Loss in 48 Hrs 

I00*C Hoot Tort: 


% Lou, 1st 48 Hrs 

0.00 

% Loss, 2nd 48 Hrs 

0.10 

Explosion in tOO Hrs 

None 

ftommoblRty lodes: 

196 

HnmmrMtr. % 30°C, 90* HH 

0.00 




Pinky? gm/cc 

BoWop r»lot: *C 

Refvortfre Irttx, n£ 

n o 

nit 


V - m - - * ,M - Tirf 

cc/40 Hrs. ot 
90 'C 

100 # C 

120'C 

135*C 

150*C 


1.76*1.81 


! 200 Grom Bomb food Test: 
Sand, gm 


59.5 

f ■■ oUHIm ^ O- - I 

jinifffwy m iNnmii, i 

Minimurr. Detonating Chorgo, gm 


Mercury Fulmir,ote 


0.18 

| Lood Az*do j 

Totry, 


1 

••MMk MtHw, % TMT: 

(•) 

138 

Tvoorf Tort, % TNT: 

0 >) 

i€; 

Ploto Dent Toot: 

(c) 


Method 


R 

Condition 


Coot 

Confined 


No 

Donsity, gm/cc 


X .83 

Bfiscnc., % TNT 


120 

DotMdwM Roto: 

(a) 


Confinement 


None 

Condition 


Cost 

Chorge Diameter, in. 


1.0 

Density, gm/cc 


1.01 

Rote, met#rV second 


T**95 
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Beoa—r SeeefeMy Teel: 
Condition 

(c) 

Pressed 

Ossc 

Vttryl, gm 

10 

5 

Wo* In. for 90% Drtonctton 


Wax, gm 

2 

0 

Density, gm/cc 

1.6k 

1.8l 

Host eft 

Combustion, col/gm 

(•) 

37*»0 

Explosion, col/gm 

Got Volume, cc/gm 
Formoticrt, col/gm 

Fusion, co!/gm 


1800 

Specific Heel: col/gm/*C 

At -5°C 

(b) 

0.22 

Density, gm/cc 


1.82 

At 15°C 


0.24 


Bandog U-: 

cm/soc 

TWfcd CwArtNItyt 

col/soc/em/ # C 
Bonsity, gm/cc 


9-7 x 10* 
1.82 


e rssr%/?*^ : to 75°c 4.7 x 10*5 (b) 

Volume, %/*C 
K«Ai i * fcbws scolo: 

Venae's Mede—s: (b) 


E', dynes/cm* 
E, Ib/ineh 3 
Density, gm/cc 


9.53 x 10 
I .38 x 10 
1.77 


Cmymth* Sfieogth: Ih/inch* (b) 2100-2300 

Density, g«/cc 1.77 


Oxygon, otcnu/sec 
a/sec) 

Heat, kilocotorte/mole 
(AH, kcol/md) 

Temperature Ronge, *C 

Phase 


Afieer PW— Impact Teat: 


it mm A ■* - ■ 

(•) 

50% Inert, Velocity, ft/sec 
Aluminum Fineness 

185 

5004b flmnl Bsmbs: 


Plot# Thickness, inches 

1 

\'A 

1% 

1% 



Yegor Predate: 

•c 


mm Mercury 


lemi Dreg Teel: 

T7, 200(^b S e t I A rie r-H erc M g lrn»k n Concr * 3 : 
Mox Soft Drop, ft 

5004b Oeesrel Petpeee leak vt Coocta— r 

Height, ft 
Triols 
Unoffacted 
Low Order 
High Order 

10004b Geeerel Petpeee Bomb n i e ec re — : 

Height, ft 
Trio It 
llnoffected 
Low Order 
High Order 
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M MM HI. M71 rnJwMe, U» WMli 


Density, gm/cc 

1.75 

Chorge Wt, lb 

2.316 

Tewl Mu el Fragments: 


For TNT 

703 

For Subtact HE 

891 

I lack HI, M42A1 let KM: 


Density, gm/cc 

1.79 

Chorf Wt,lb 

0.9**0 

Tefal Ha. al FragaiiaH: 


For TNT 


For Subject HE 

61*7 

Offsest Velocity: ft/sac 

At 9 ft 

At 25*6* 

« 

Density, gm/cc 


•lost (tetertra ta TNT): 

(e) 

Ain 

Peok Pressure 

122 

Impulse 

125 

Erwrgy 

Xl*6 

Air, Caaflaad: 

Impulse 

116 

Under Water: 

Peak Pressure 

116 

Impulse 

127 

Enow 

153 

Peok Pressure 


Impulse 

En«8y 



Sh e pa d Cha f f Iff c tt bsaaos, THT = 100: 


Gloss Cones Steel Conet 
Hoia Volume 150 1^5 

Hoie Depth 127 131 


Uses: Depth charges , bombs 


U aO hn Pse tlf y: gm/cc 


Method 

K’lxord Ckci 'Quontity-Dtetonce) 
Com?v*tib iHy Group 
rxudotion 


Effect of Temperature on 
Iap a ^/t SenaTtlvltiy: 

Teas. PAlLpactTeat 


Viscosity, poises: 
Temp, 83°C 


i. 76 - 1.81 


Dry 

Cl*** 9 
Group I 


FA Ifcjpact Test 
TUT Wt, iachee 


36: 
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Torpex 


P reparation: 

Torpex le manufactured by heating TUT to approximately 100°C In a steam-,} a eke ted kettle 
flipped vlth a stirrer. Ifeter vet RDX is added slowly to the molten 75fT, while nixing and 
heating# until all the water Is evaporated* Aluminum is added and the mixture Is stirred 
until uniform* The mixture is cooled# with continued stirring# until It Is suitable for 
pouring* Torpex can also and; by adding the calculated amount of TUT to Composition B 
to maintain the desired proportion of RDX/TNT, heating and stirring# and adding id percent 
cf aluminum to complete the mixture. 

Origin: 

Rjrpex* & castable high explosive# was developed In England during World War XI for usu 
as a filler in warheads, mines and depth boobs. Several variations In the composition of 
torpex Ir.ve been evaluated but the following are those used in ' rvice munitions: 



Torpex 2 

Torpex 2 



covered 

vexed 



(a) 

0 >) 

(c) 

REX# t 

42 

4l.6 

41.4 

TNT, $ 

40 

39-7 

39- 5 

Aluminum, $ 

18 

18.0 

17*9 

Wax, $ 


0.7 

0.7 

Calcium chloride, $ 



0.5 

(a) Made from Coopoaltion B-2 or 60/40 Cyclctol. 

(b) Made by the addition of aluminum to Composition B. 



(c) Made by the addition of calcium chloride to Torpex 2. 



wax has the undesirable effect of ( 1 ) tending to coagulate the aluminum, thus giving s less 
hctficgeneous and more viscous product, ( 2 ) lowering the density of the cast explosive from 
1 . 72 * 1.75 to 1 . 66 - 1.70 for waxed torpex, and ( 3 ) lowering the compressive strength from 3700 
psl to 1970 pal for waxed torper.. However# wax is used In service torpex for reasons of 
safety# since there is evidence that Its presence lovers the sensitivity of the explosive to 
iopact as measured by laboratory drop tesis and bullet sensitivity tests of small charges 
(Bureau of Ord Res Memo Rpt No. 24, January 1945)* 

References : 7 6 

(a) Committee of Div 2 and 8, NDRC, Report- on HBX and Tritons !, OSRD No. 5406, 31 July 
1945* 

(b) Philip C. Keenan and Dorothy C* Pipes# Table of Military High Explosives , Second Revi¬ 
sion, RAVORD Report Kb. 87-46, 26 July 1946. 

(c) D. P. MecDougall, Methods of Physical Testing # OSRD Report No. 8o3> 11 August 1942. 

L. C. Stallth and E. H. Oyster, Physics] Testing of Explosives, Part III, Miscellaneous 
Sensitivity Tests, Performance Teats , OSRD Report No. 57^6, 27 December 19^5* —■ • 




76 See footnote l, page 10. 
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(&) G. H. Mei.erly, Tb» Rat. of Detonation of Various Kmloalv. 
So. 1X19, 22 February 19^5- 

M. D. Hurvlt*, The Bate of Detonation of Various Coapound* a 
Ho. 56U, 15 January 19^ 


I, 03RD Report 


I, OSRD Report 


(%) v . {Ti Tomlinson, Jr.. Blast Effect* oi Bomb Explosive*, PA Tech Dlv Lecture. 9 April 

19 * 6 . * 

(f) See tern laboratory, du Foot, Investigation of Qsyl ty Effect, Sec IH, Variation of 
Cavity Effect vith Explosive Composition, Mtfec Contract W&72-6ki>-?Tg£ 


(fc) Also see the following Picstinny Arsenal Technical Reports on Torpex: 


oigililt 

1530 1651 1292 2353 1585 1796 1797 16# 

1635 

1885 

2355 



% 

c 27.9 

H 2.3 
N 32*6 

0 37 .? 

C/H Ratio 0.302 


0*706*1 



CO* % 


*56 

CO % 


-19 

C wrihfi gm/cc 

Crystal 

1-93 

tog M *C 330 

(b, •) 

3» (•) 


hyc> Stitoy, 2 Kg Wfi 

Butoom of Minos Apporotus, cm 
Somplt Wt 20 mg 

Picotinny Arsenal Apporctus, in. 
Sample *Vt, mg 

11 

7 

Friction NsMm> Tost? 


StMlSho. 

Piter Sho. 


Rifle Bettrt Impact Toot? Trio Is 


% 

Explosions 


Porttols 

Burned 

Unoftoctod 


Itploslow Tospofto: *c 

Seconds 0.1 (no cop used! 

1 

5 


10 


15 


20 


7S*C lotofteolfoool Hoot Tost: 

% Loss in 48 Hrs 

100'C Hoot Tost: 


% Loss, 1st 48 Hrs 

0.00 

% Lou, 2nd 48 Hr* 

0.00 

Explosion in 100 Hrs 

None 

Flommobinty Into: 

Nyffcsoo^JcIry: % 



JUfroctHt Into , n£ 

n& 


Voceem tobWty T«h 

cc/40 Hr, of 

90*C 

100*C (ft, t>) 

120*C 

135*C 

150*C 

0.36 

200 Grom Bomb Send Tost: 

Sand, gm 

h2.9 

I Soxslthlty to IoMoHooi 

Minimum Dotonatinp Charge, gm 


Mercury Fulminate 

— 

Ltod Azide 

0.30 

Totryl 

— 


Hto /tor, % THT: 


TiMii Tm*, % THT : 


Plete font Tut; 

Method 

Condition 

Cor«tinsd 

Density, gm/cc 

Drisonce, % TNT 


PotoootSoo Roto: 

'moment 

None 

Condition 

Pressed 

C'torgo Diomotor, in. 

0.5 

Density, gm/cc 

i.fio 

Roto, metem/second 

'7500 




























wm 


AMCPm-m 




•**? -J*C& 

vrW 




NaaMilfflNM 

OaMtty.f^/cc 

OwatM^k 

MtUtWCflt 

tar TNT 
tarSuhfict Hf 

lit 

IM«,iMtt1Ni 

Dmtty, gm/cc 

Chw*>Wt,b 

«M*UI«C4t 

tar TNT 111,1 
tar Sublet Hi 



«pMVMp ft/» 
Attn 
MB* II 

tart), gm/oc 


i—. ^- tut _ ||ii 

vni •• iwi 

Gkm Corm Start Contt 


Vdum# 

D**h 


PrtMod 


At 50*000 pal 




IpiiS^v 

igfv: 

" 5 Ste» 

' ■_ -_"- tV ‘ 




flNMtalrTMTh 


^MNkim 


Imp u tw 
IMtt W&m 


lir^wSa 

6n*pr 


Impute* 

Frwrgy 


Homrd Clott (Quonrtty-D lil onct ) 

<**--- -- 

vWf|W MMIJf woup 

Exudotion 


Detonation Velocit 


1.290 

5300 

1.345 

5626 

1.675 

5550 

1.575 

6575 

1.082 

7035 

1.835 

7220 

Heat of: 

Explosion, cal/gm 

2831 
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1.3.5-Tyl—lBo-2.V,6-Trlnltrcl)m««n> (MB) 


w 


-i# -W' - . 




^mrnmm 


V. :." ’ J. ’• t 


ftregaratlour (a) 

Absolute alcohol {200 Milliliters) sea saturated with assnoda and then 12.5 gn (0.026 nol) 
of l,3,5-trtbroflO-2,4,6-trtdtrbben»ane, prepared according tc MU (BAV0R3 Beport So. 3709* 

2 February 1953)# wee added* The flask use stoppered and allured to stand at rose temperature 
ftr a day. Additional anaemia sea bubbled into tbs Mixture, which was then bested under reflux 
for thirty ilnutee, filtered hot, and the insoluble product collected on a Bucks' * funnel, 
file product was washed with water, alcohol, and dried. The 4.7 gn of notarial recovered wea 
recrystalllted froa nitrobenzene. 

A disadvantage of the above Method was that it could not be used for the preparation of 
large quantities & hsb. Since It did not eeea fberlblt* to develop a net wethod of prepara ¬ 
tion, an investigation was aads of tbs reported ednetion reactions (ass Qrifl la below). An 
attaeyt was aads (itaf f) to find a Modification which would produes high yields of a pure pro¬ 
duct. The process which evolved tram fills study nay be suaasrised es follows (Hsf *): 1,3# 5- 
trl chlorobenzene was nitrated "In one step" to 1,3# 5-iMchloro-2,4,6-trtdtrbb ansen e in 85< 
yield. The crude nitration product was asdnated in benzene vith awaonla gas to In 

yields of at least 9$& 


m 


Origin: 

fiifiOB was prepared for the first tine in 1868 by C. L. Jackson and J. F. Wing, who f Jtd 
tbs ccapound Insoluble In alcohol, ether, chlarofora, benzene, end g’ sclal acetic acid; and 
soluble in nitrobenzene and aniline (Aaer Chen Journal 10, 262 (lbdot >. B# Flurachels and 
S. L» Bolnee prepared TATKB tram benzene free pantanltroaniUne by gradually adding it to 100 
aqueous anode (J Oban 8oc, Pt 2,30*5 (1926)). After boiling# an orange-yellow powder *§)♦- 
log above 30O°C wea obtained# Thic product corresponded to that described by Jac>w»on end wing. 
These authors, as well as Pelner (Anar Chan Journal 14, 378 (l89£), attested to reduce TATD 
to haxa-adndbansane Either decompo s ition occurredTor a hydrochloric* penta-adnobenzene 
was fornad* Flursdu * and Bolnea succeeded in reducing T&TfiB vith pus x&lk?dxg£ias by heating 
then together up to 200°C (J Chen Soc, Pt 1,334 (1929)) (Bell 1^, 301 ^ J WSJ, l4?). 

Inferences: 77 


F. TUylor, Jr., Synthesis df law 




loslvss XI, Derivatives of 1 


Trlbroao- 


(b) D. Bupton, ansll 8cale Detonetion Velocity Hsssurensnts fron May 1951 to 
■WORD Be pert So. 3731, 7S5 1954. - 


(c) t. H. Plsbe 
2966, Ik June 1955- 


Fisher and E. A. Christian, Explosion Effects Data "beets, XAFGRD Beport Bo 


Ses footnote l, pass 10. 
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c 

89-9 

^ CHgOBOg 

V\ 

* 

5-^ 

< 

H 

U.T 

1 

0 

53-0 

v> 

C/H Ratio 0.17Y 

2 C ^CH,0B0, 


*edSeoaftM*2KgWtt 

Bureau of Mines Apporatui, cm 
Sompie Wt 20 mg 
Wcotinny Arsenal Apparatus, in. 
Sample Wt, mg 


jWW jnoi 

Fiber Shoe 


Unaffected 

Unaffected 


Explosions 


Test: Trials 

% 


Burned 

i * - - «*- • - - * 

unarrecreo 


Seconds, 0.1 (no cap used) 

I 

5 223 

10 
15 
20 


75*C leSemertees I H 

% Lom in 4B Hrs 


100*C Meet Tests 


VetWMty: 60°C, mg/cs^/hr 


Me kcel e r WetgM; (C^H^Og* 
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2M> 


toliedfra lades, n« 

nS 

«* 

1.4540 

Veceees StoMty Teds 


cc/40 Hrs, ot 


90*C 


100*C 

0.45 

120*C 8 hour* 

0.8 

135*C 


150*C 


200 Greet See* Seed Ted: 


Sand, gm 

14.7 

SeeeQfrSty H lelHeHee: 


Minimum Detonating Chorge, gm 


Mercury Fulminate 


Lead Azide 


Tetryl 



Treed Ted, % THT: 


Method 

Condition 

Confined 

Density, gm/cc 

Brisonce, % TNT 


Confinement 

Shelby steel 

Condition 

Liquid 

Chorge Diameter, in. 

1.25 

Density, gm/cc 

1.33 

Rote, meters/second 

Fails 


/ 
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TrtethylMM Glycol Dial tret# (TBQlO liquid 


THT = lOOt 


tT«h 


90 mi HI* M71 Pro|o**, Let WC-91: 
Density, gm/cc 
Chorgj Wt, ft> 

Total No. e# frog**** 

For TNT 
For Subject HE 

3 bob HI. M42A1 Pvejectifc, Ut KC-5: 

DtmHy, gm/cc 
Charge Wt, lb 

Total No. of rwpiiBhi 

For TNT 
For Subject HE 


PregoMet Vihifcyi ft/sec 
At 9 ft 
At 25V* ft 

Comity, gm/cc 


fee# (KeMve ta THTh 


Gloss Corns Steel Corns 

Hok Volume 
Hok Depth 


Color: 


Uses: Ingredient of rocket end double 
base propellonto 


Method of 


Loodtaf Density: gm/cc 


Liquid 


Hosorti Clots (Quontity-Distonce) 


Ato 

Peok Pressure 

Impulse 

En«gy 

Afe.CwfM: 

Impulse 


Under Wetan 

Peok Pressure 

Impulse 

ErMrgy 



Peek Pressure 


Impulse 

Energy 

Hoot jf: 

Combustion, cal/gm 
Explosion, cal/gm 
Gee Volume, cc/gm 


Compatibility Group 
Exudation 


3428 

357 

851 


Solubility In Water, 
ga/166 gn, at: 

25®C 

60°C 

Solubility, gm/lOO gn, 
at 25^C, In: 

Ether 

Alcohol 

2:1 Ether: Alcohol 
Acetone 

Viscosity, centipol sea: 

Temp, 20°C 
Hydrolysis, Acid: 

10 days at 22°C 
5 days at 6o°C 

Vapor Pressure: 

“■3- 

25 


0.55 

0.68 


13.2 

0.032 

0.0?y 

on Mercury 

<0.001 
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ylene Glycol Blaltrate iTBSH) Liquid 
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Origin: 

Laurence prepared triethylene glycol in 1863 by treating glycol with ethylene bromide in a 
sealed tube at U5°-120°C (Ann (3) 6t 9 275). later in the sane year VUrtz prepared triethy¬ 
lene glycol by heating ethylene antiiSz vlth glycc' at 100°C. By action of nitric ac*d triethy¬ 
lene glycol vu oxidized to (HgOOC’CEs* 0 -^^ (*nn ( 3 ) 6g> 331» 351 )♦ 

The Germans end Italians were the first to prepare and use TBGN during World War Xl as an 
Ingredient of rocket and propellant powders. The coonerclal production of TBGN in quantity 
is still difficult and Its ure ti a plasticizer for nitrocellulose is being replaced by other 
liquid nitrates. 


Triethylene glycol is purified by fractional distillation under vacuum in an l8-lnch Vi- 
geaux fractioning column, lhe assembly as s whole Is equivalent to 4.5 theoretical plates. 
The distillation is conducted using a 5 to 1 reflux ratio, at a pot temperature of approxi¬ 
mately l80°C, and a take-off temperature of approximately 120°C. 

Hie purllled triethylene glycol (TK) is nitrated by carefully stirring it lot ' 2.5 ports 
of 65/30/5 nitric acid/sulphuric add/water maintained at 0 1 5°C. The rate of cooling is 
sufficient that 300 gm of TBS ca~i be added vithin kO minutes. The mixture is stirred and 
held at 0 + 5°C, for 30 additional minutes. It is then drowned by pouring onv> a large quan¬ 
tity of *ee and extracted three times with ether. The combined extract if water-washed to a 
pH of about It, shaken with an excess of sodium bicarbonate solution, and further washed vlth 
if sodium bicarbonate solution until the washings are colorless. Hie ether sal solution is 
water-washed until it has the same pH value as distilled water. It is cartful j separated 
from excess water, treated with chemically pure calcium chloride to remove lie solved water, 
and filtered* The ether is removed by bubbling with dry air until a minim: rate of loes In 
weight is attained. The yield is I.3I gm per gm 1EG (84$ of theoretical) and the nitrogen 
content of different batches range from 11.60 to 11.69$ by the nitrometer method (calculated 
11.6T$). 

References: 7 8 

(t) See the following Picatinny Arsenal Technical Reports on TEDN: 


7 %«# footnote l # page 10. 
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Trlmonlte 



370 


8 'S 
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Trlmonlte 


AMCP 706-177 


Fugoioaief'ia 

90 mm NE, M71 P i a i se ttt i, Lot WC-91: 

Density, gm/cc 
Chorge W:, lb 

IIa 

lOf^ Of rv^pvowi« 

For TNT 
For Subject HE 

Steel HIM42A1 F f H ct O e, Ut KCJ: 
Density, gm/cc 
Charge Wt, lb 

Terel He. ef Fim p sie l i: 

For TNT 
For Subject HE 


ft/sec 

At 9 ft 
At25Uft 

Density, gm/cc 


Steel (ftstetfce te TNT): 


gbspsd Cte* y EH s tt hss w , TNT = 190s 

Gloss Cones Steel Cones 

Hole Volume 
Hole Depth 


Cater: 


Nsdtd Uses: 13tT substitute in projectiles 
end bombs 


Ms H isd el Uedtegs Cost 

Uedte g D eesSy i gm/cc 1*60 

Method Dry 

Hoxord Class K^iontity-Distonce) Cites 9 


Airs 

Peek Pressure 
Impulse 


Compatibility Group Group I 

Exudation Exudes st 50°C 


Energy 


Impulse 

Under Water: 
Peak Pressure 

Impulse 

Energy 


Preparation; 

Picric add and alphe-mononitronephtbalene 
are melted together in en aluminum or tin steam 
Jacketed melt kettle equipped with a stirrer. 
Although picric sold elooe requires s high tern* 
persture for its melt loading (l£0°Cj, the 
mlxtura forms s eutectic melting at t9°C. Care 
must be taken to prevent the formation of dan¬ 
gerous metallic picrates. Trimonlts is of 
Interest as an emergency substitute for UT. 


Peek Pressure 

Impulse 

EfMrpy 
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Trimonite 


Origin: 

Trimonite, a caitable mixture of picric sdd/mononitrohaphthalene was developed by the 
British during World War II as an improvement over tridlte which is a mixture of 80/20 picric 
acid/dinitrophenol. Both mixtures are suitable for melt-loading below 100°C and therefore 
represent an isjprovement over melt-loading picric add alone (melting point 122°C). However, 
tridlte is slightly inferior to picric acid as an explosive and dlnltrophenol is objection¬ 
able because of its toxicity* Trimonite is also slightly Inferior to picric add and 1ST as 
an explosive. Because of the low eutectic temperature of the picric a cl d-mononi tronaphtha lene 
mixture (49°C), Tridlte exudes when stored at elevated temperatures. It does not possess the 
disadvantages of picric add (corrosive action on metals, ease of decoi^osltloo, etc.) and is 
a cooperatively inexpensive substitute for 1ST. 

References: 


(a) See the following Picatlnny Arsenal Technical Reports on Trimonite: 

£ 1 i fi 

1352 1325 926 1096 

13T2 9T6 1836 


79 


See footnote i, page 
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2.2.2-lYlnltroa' 


AMCP 706-177 


thyl-4.4,L-TYlnlt..;,V> »tyr»t« (TWETB) 


C—yMam i 

% 

C 18.6 

H 1.6 

o-chc(ko ) 3 
a 21.8 / 2 2 3 

C - 0 

0 58.0 \ 

C/HRo«o 0.202 X ®2^(«02) 3 

Motor jlar Wafeh*: (CgHgMgO^) 3B6 

Osyfsm Botoaco; 

CO, % -L.2 

co % ao.8 

BtatBy: gm/cc Form I 1-79 


PlWHip mWi L 

Bureou of Minot Apparatus, cm 

Somple Wt 20 mg 

Picotirmy Artonol Apparatus, in. 

Somplo Wt, mg 

50* point, cm (a) 2o 

Baling M: *C 

MwMn IMm, n* Form I (•) 

Crystal Axis • i ci« 

fi 1.527 

T I.5L6 

nunpi rpnpM 

StastShoa 

Fiber Shot 

Vtcmw Steblity Test: 

cc/40 Hrs, of 

90*C - 

100 # C 48 hrs 0.60 

120 C 

135*C 

150*C 

Rifle BaNat Impact Toot: Trio!* 

% 

Explosions 

Port lob 

Bumod 

Unoffected 

200 Gram Bomb Sand Taat: 

Sond, gm 

Bag lotion TeaspOMrttMo: 0 

Seconds, 0.1 (no cop mod) 

1 

5 50* point (Alhot bar) (a) 225 

10 

15 

20 

taailjl toil W l - u, At - 

Minimum Detonoting Charge, gm 

Mercury Fulminate 

Leod Azide 

Tetryl 

laOMc Matter, % TNT: (b) 136 

Tread Test, % TNT 

7S*C bun iMimI Has* Tab 

% Lon In 48 Hr* 

Mate Deal Tath 

Method 

Condition 

Confined 

Density, gm/cc 

Brisonce, % TNT 

100‘C Mas* Tn*: 

% Lon, 1st 48 Hr* 

% Lon, 2nd 48 Hr* 

Exptotion :n 100 Hr* 

Pstsaatlsa Bate: 

Confinement 

Condition 

Charge Diameter, in. 

Density, gm/cc ]. 60 1 .76 

Rote, meters/second 77^0 8290 

FlswmsblBfy lades: 

Hy»**(!,Irby: % 30°C, 90ff RH 0.00 

75 C, 5 months Nil '*) 

VtlsffBly: 
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2 > ? > 2*Trlnltroet^-l^,^ > ^* ! ryJnlt,robutyrate (TKETB' 


IMDOf SMMNvIVy Tut: 

Condition 

Tttryl, 9 m 

Wox, in. for 50% Detonation 
Wox, gm 
Derisity, gm/cc 


Homo#: 


Combustion, col/gm 

1685 

Explosion, col/gm 


Gas Volumt, cc/gm 


Formation, col/gm 

307 

Fusion, col/gm 


Sublima* Iwu, cal/gm (e t) 

sol 

Spoetfk Sent: col/gm/*C 

Bearing B«t«: 


cm/sec 


TWsmI Conductivity: 


col/soc/cm/*C 


CooWiden 1 o# lap—obi 1 : 


Linear, %/'C 


Volume, %/'C 


Hordnsso, Mohs' Scab: 

Yemig'e blodotos* 


E', dynes/cm* 


E, Ib/inch’ 


Domity, gm/cc 


Csmp restive Strongth: lb/tnch 3 


Voper ffMMit: 

•c 

65 

75 

35 

1.00 

120 


mm Mercury 
3* 3 x 101; 

1- 3 x 10 . 

h.2 x 10 

2- 3 x 10*| 

U> 10-* 


Oxygon, otoms/soc 
(Z/soc) 

Hoat, kilocatorio/mole 
(AH, kcol/mol) 

Tomporoturo Rongo, °C 

b.k x 10 21 

L3.L 

Phase 

Liquid 

Armor M*tt Impost Toot: 


40 mm Movtor ^rtjoctife: 

50° inert, Volocity, ft/sec 


Aluminum Finonoss 


S064 Consul Perpots Bombs: 


Ploto Thicknoss, inches 


1 

1*0 


H/i 




Bomb Drop Toot: 


T7, 2000-lb Semi-Armor-Piercing Bomb n Concroto; 

Mox Sofo Drop, ft 


500*4 Conorol Purpose Bomb n Concroto: 

Height, ft 

Triols 

Unoffocttd 

Low Order 

High Order 


1000-lb Conorol Purpose Bomb vs Concroto: 

Height, ft 

Trials 

Unaffected 

Low Order 

High Order 

















2,2,2-Trlni'tro>thyl-4,U,4-Triintrpbutyr>ta (TWBTB 
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>nfiwHHc» Tot: 


Shooed Charge Iffacti tenets, TNT = 

100s 

90 mi HI, M71 Projectile, Let WCr): 
Hensity, gm/cc 

ChorgeWt, lb 


Gloss Cones Steel Cones 

Hole Volume 

Hole Depth 

Tatnl No. of 

For TNT 

For Subject HE 

3 toll Hi* M42A1 Projectile, Let KC-S: 

Density, ^rrv/cc 

Chorg* Wt, fb 


Celer: 

Colorleaa 


MadpalUMU 

T«t*l No. of Frognunft: 

For TNT 

For Subject HE 


jAethed el Lending: 


Lending Density: gm/cc Form I 

1.783 

1.677 

1-551 

Frogont Velocity: ft/sx 

At 9 ft 

At 25 Vi ft 

Density, gm/cc 

Form II 
Liquid, 99°C. 

Storage: 

Method 

Wet 

lies* (lilttin to H-6*: Sphere Cylinder (h) 

Hazard Closs (Quantity-Distance) 


Air: 1-lb Charge: EW» EV» rCW* 

Peok Pressure 0*91 0.64 0.8l 

Impulse 0.T3 0.67 9.7 1 * 

Energy 

JEV* 

0.75 

0.69 

Compatibility Group 

Exudation 


Air, Csnftod: 

impulse 

Under Water: 

Peok Pressure 

Impulse 

Ensrgy 


Bruceton Safety Teat Reaulta: («) 

Mean and standard deviation of lengths of 
0.300 diameter cyll?idei across which Initia¬ 
tion is possible for 50 % certainty: 

TNT 0.391 0.G4O 

RTX Comp B 0.381 + 0.042 

TTETB 0.920 + 0.059 

Underground: 


Absolute Viscosity, poises: 

(•) 

Peok Pressure 

Impulse 

Ensrgy 

*EW, equivalent weight of H-6 fat a unit -weight 
of teat mixture for equal performance at the 
same test distance; SV, equivalent volume of 

H-6 for a unit volume of test mixture for equal 
performance at the 6ame test distance. 

Ttrnp, 96.9°C 

3.06.5°C 

0.173 

0.136 

_1 
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rl-MA-trimt 


Solvent 

W,mc 

n>SBXBM 

Orbon tetrachloride 

Ethanol 

Chloroform 

Beneae 

Sitrcme thane 

Glacial acetic acid 

Ethyl acetate 


Solubility _ 

Insoluble 

Insoluble 

Insoluble 

5 ml 2*00 gm solvent 
5 gm/100 ga solvent 
10 ga/100 ga soive&t 
Very soluble 
Very soluble 
Very soluble _ 


THBTB Forms Eutectics With the FoUo 


BOOKS (Ms(trinitroethyl) succinate) 
| BSD (bls(trifeitroethyl) nitrasine) 
{ THB (trlnltrbbenzene) 

; Compound A (Cj^WlOu formed by 

condensation of lj 1-dinitreethane) 
Trialtroethyl trlnitrobenzoate (2Tfl) 


77 

80-5 (f) 


Three polymorphic crystalline forms have been observed* Low temperature Form I goes through 
a solid-solid transition at 89°C giving Form II. Form II bis a malting poi... of 92.5° to 93PC. 
On cooling, Fora II does not transform reversibly to Form I when d9°C is reached. However, 

Form II vill transform to Form I at room temperature, usually taking a fee hours to do so. 

Form III was observed, vi*ich appeared to be stable over a vary narrow temperature range on 
the order of 0.2° to 0.3°C near 92.5 C. 


(H0g) ^CCHgCKgOOCl 


(N0 2 ) CHgOH 


trlnicrobutyryl chloride trinitroethanol 


sulfuric 

acid 


(ro 2 ) 3 cch 2 ch 2 cooch 2 c(no 2 ) 3 ♦ HC1 4-» 

2,2,2-trinltroethyl-4,U,4-trinltro- hydrochloric 

butyrate acid ^ 

laboratory experiments indicate that the present slow step involving overnight treatment 
of 4,4,4-trini trobutyryl chloride with 2,2,2-tririitroethanol and aluminum chloride can be 
replaced by a fast and simple esterification In sulfuric acid. Using 10O-/* sulfuric acid or 
fortified HoSOr, the ester can be prepared in yields of 95# to In 2k hours at 25°C, in 
5 hours at 50°c, or in 3 hours at 65°C. Above 65°C the reaction time Is less, but the yield 
fall? off and a less pure product is obtained. The crude white crystalline product on recryt* 
tail!zetion from dilute methanol gives a material melting at 92° to 93°C. 
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Trlaltro Trt>zl<obeatene v. . 



MyamcapMtyt % 30°C, 90% W 


0.00 

























Tmth 


CUtf W***mm, TWT ^ If; 









*MCP 706477 


Trlnltro Trletldobcnzede 


v s . 



* > ' * 




AnIlls* it chlorinated to fan trichlai oanillne. The mdm group la eliminated by the - 
dla&o reaction* Tha resulting f-ya-trichiorobenzene la nitrated. This nitration la carried 
out by dissolving the material in war* 32 $ oloam, adding atrong ft laic add, and hatting to 
lfc0°-150°C until no trlnltro trlchlcrobenaone {melting point l87°C) precipitates (Bef f) 

The chlarina groups afa then replaced by azo groups* This Is accomplished by adding arl ace¬ 
tone solution of the trlnltro trlchlorobenz en e, or better, and pc-dered substance alone, to 
an actively stirred solution of sodium azlda in alc&iol. The precipitated trlnltro trlszldo- 
benzene la collected on a filter, washed VIth alcohol, water and dried* It nay be purified 
by dissolving In chlofroicm. allowing the odutloo to cool, and collecting the greenish yellow 
cryetala (melting point IJl^C with decomposition). 


Origin: 

This Initiating explosive was first prepared In 1923 by Turek who also perfected it* manu¬ 
facture. 

References: 81 


(a) S. fid f t fleets of Explosive Ccwxinda aibnltted by Arthur D. Little, lac., RATR 1750> 
24 October 1949* 

(b) A- i. Belyaeva and A. E. Belyaeva CB a.a* USSR £2, 503-505 (1946) Chemical Abstracts 
4l, 4310. 


A. E. Belyaeva and A* F. Belyaeva, Doklady Aknd Ifauk. USSR £6, 491-494 (1947)* 

(c) French Patent 893 , 9 ^ 1 , 14 November 1944 (Chemical Abstracts 4£, 8374). 

(d) A. D. Ioffe, "Thermal Decomposition and Explosion of Azides," Proc. Hoy Soc A208, 
188-199 (1951)- 

(e) T. L. Davis, Th e Chemlatiy of Fcvder and Explosives . John Wiley and Sons, In^., 

Hev York (1943). p. 43?. 

(f) 0. Turek, Chim at Ind 26, .781 (1931); German Patent **98,050; British Patent 298,981. 



®*See footnote k, page 10. 
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Ttlpentoerythrl tol Octonltrote (TPBQtf) 


OnrtirWiMyTMh 

Condition 

TefTyl, §m 

Watt, in. hr 90% Detonation 
Wo*. §m 
Density, gm/cc 


Heal ali 

CeMhustien, col/gm 

2632 

Explosion, col/gm 

1065 

Gas Volume, cc/gm 

Formation, col/gm 

Fusion, cot/gm 

762 

Ipetfftt Neal: col/gm/ # C 


Specific laguloas 


lb-sec/lb (calculated) 

2k0 

Bandog Rate: 

cm/sec 

Thermal CeodesHelty. 

cof/sec/cm/ v C 

^eefMerH el Ispeaelee: 

Linear, %/X 


Volume, %/*C 


Htfdees* Meki 1 Seale: 

Yeaog's Msliitesi 


E # , dynes/cm* 

E, Ib/inch* 

Density, gm/cc 


Cseapresshrs Itreeptfc; Ib/inch* 


Viper Nauru 


Oxygen, oioms/sec 


(2/sec) 

Heat, kilocalorie/mol* 
(AH, kcot/moO 
Temperature Range, *C 
Phase 


23-X 

215 to 250 
Liquid 


Af«er Ptsle Impact TeH: 


**»% 

Aluminum Fineness 


Plots Thickness, inches 
I 

1*4 

1% 

1*4 


T7,20004k lead Ansar Herrin ieoak n CencreSe: 

Mo* Safe Drop, ft 


Height, ft 
Trials 
Unaffected 
Low Order 
High Order 

10004k General Purpose Bernik vs Deaerate: 

Height, ft 
Trials 
Unaffected 
Low Order 
High Order 


C 


mm Mercury 















Trineatee 
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90 nun HI* MT1 PffoctHs, Let WC-91: 

Density, gm/cc 
Charge Wt, lb 

Tetal Ni> ef Flip— 

For TNT 
For Subject HE 

l to* Hi. M41A1 NiicMi, Let ICC4t 

Density, gm/cc 
Otorge Wt, lb 

Total No. of Iffiih; 

For TNT 
For Sublet HE 


FfopMot Vetedty: ft/sec 
At 9ft 
AtJSfcft 

Density, gm/cc 


IbO (fteMve to TNDt 
Airs 

Rook Pressure 

Impulse 

Enorgy 

Air, CuUmIi 
I mpulse 

Uofsr Wotart 

Peok Pressure 

Impulso 

Energy 


Pook Pressure 

Imputu 

Energy 


I Shepsd Ckerge IffstHenees^ TNT s 190s 


Gkm Cones Steel Cones 

Hoi. Volum. 
Hoi. Daprtt 


Cetars 

White 

Pile sip el Ibeti 

High explosive end ee possible 
plestlclter for nitrocellulose 


Coot or pressed 


Leedtag Dsssfcyi gm/cc 

Pressed st 60,000 psl 

1.565 

Staregss 


Method 

Dry 

Kozord Clots (Quontity-D&tonce) 


Compotibllity Gtoup 


Exudotlon 

None 


Time. Ere 


Coin or Loot in wt 


HE ot 


•0.008 

- 0.02 

-0.0k 

-0.0k 

-0.00k 


Solubility: 

Solvent 


Solubility 


USe tor 
Alcohol 
Chloroform 
Acetone, hot 
Benzene, hot 


Insoluble 
Soluble 
Soluble 
Very soluble 
Very soluble 
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Trlpentaerythrltol Octanitrate (TPBQN) 


Compatibility With Other High Explosives; 
I00°C Vacuum Stability Test; 


» 

i 

NTS? 

pm 

RISC 

TPB0N 

ml gaa/JtO hr*, 5 gm sample | 

0.14 

2.15 

I 0.39 

2.1*5 

ml ga*/lt0 hrt, 5 g» saaple 
of 50/50, TPBQN/HB 

1.89 ! 

! 1.71 

i ] 

2.32 

1 


Dipentaarythrltol Hexanltrate (lyEHH)-lPBCB Fusions: 


j i tpeos 

i $ WEBB 

Solidification Time, Bays 

0 

MP, C 

1 

| 100 

; 0 

f 

83 

! 95 

1 

5 

! 3 

68 

90 

10 

! 3 

69 

80 

20 

5 

73 

I 50 

50 

30 

60 (Eutectic) 

20 

80 

5 

63 

f 

10 

90 

3 

69 | 

1 

0 

100 

— 

1 

73 


Preparation: (a) 

TVsnty grants (0.05^ mol) of nitration grade tripentaerythritol (TPE) (99$) minimum purity) 
were slowly added, with stirring, to 160 gm { 2.55 mol) of 99$ nitric add at a temperature of 
-25° to 0°C. On equivalent weight basis, this quantity of 99$ nitric acid corresponds to an 
excess of 6.3 times the 'EPE used After addition of the TPE, t>_ reaction mixture was stirred 
for about one hour at 0° to 5°~ and poured Into eight times Its volume of cracked Ice. The 
product, when allowed to stand overnight, was crushed under water; filtered with suction; and 
washed copiously with water. It was then treated twice with about 5 times Its weight of a 1$ 
aanonlum carbonate solution, stirred for several hours, filtered and washed with water until 
the final washings were neutral to litnus. The final product was washed successively with 
50 cc '-ach of ethanol and ether. The material dried in air weighed 37.8 gm or 96$ o f the ory 
based on TPE. It had a Editing range of 71° to 7^°C. Crystallization cf the crude TPBCJT fTou 
chloroform was found to be the most suitable method of obtaining pure TPBOK. 



TPEOK prepared by the reaction of tripentaerythritol and 99$ nitric acid at 0° to 10°C wae 
reported by Wyler in 19^5 (J. A. Wyler to Trojan Powder Company: U.S. Patent 2,389, 228, 

20 November 19^5). 


384 





Rtffaranceat* 2 

(t) J* J* UNontii H. J. JiekifiBi 8* Llvlsiitoii} L* B« Sllbin^Q And N* N« JoM9> 
Preparation nad RkoIoaIt# Propertied of Trtpantaerythrltol Octanltrate , WITH Ho. 2^90, “T958. 

(b) K* Raaba, J. Yaaaahlta and S* Tanaka, "Fantaerythrltol Tbtranitrata," J lad BxploelTea 
8oc (Japan) lji, 282-9 (195*)i C* & U203 (1955)* 

(s) 8. D. Braver and H» Rankin, The Stability of PCT and Pantollte, OSRB Report Ho. lfclA. 

(d) Z« Berlov, R. H. Barth and J* 1« Snow# The Pantaaiythrltola , ACS Monograph Ho. 136, 
Balnhold Publishing Corporation, Rev York, 1958, 


■er 


>ee footnote 1, page 10. 
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TritoMl, 60/20 


r" 1 

nrr 

AlUBlDUB 

C/H ftotio 

do 

20 

impost SmMvUt, 2 Kf Wt: 

Bureau of Mines Apparatus, cm 

85 

Sample Wt 20 mg 

Picotinny Arsenal Apparatus, in. 

13 

Sample Wt, mg 

16 

■ ■ »■ - Yao84 

nmwi riPiiiM v 

Steel Shoe 

Unaffected 

Fiber Shoe 

Unaffected 




vCMif BMpMt Tnlt 


Erosions 

Portiols 


Seconds, 0.1 (no cop mod) 
1 

5 Decomposes 
10 
15 
20 


7f*C iefen art seal Heat 

% loss In 46 Hn 


1 #TC Heat Test: 

% Loss, 1st 48 Hrt 
% Loss, 2nd 48 Hrs 
Explosion in 100 Hr* 


0«>|n Muni 

CO, % 

CO % 

i 

-77 

-36 

Density: gm/cc 

Oast 1.72 

MeMeg relets #| 

C 

ES 

N » » 4 

rmsi 

'C 

BeKeg Feleti *C 


«-|, J ir 

nPMHiVNIVj Wife, 

100 

Hfiieerepldty: % 30°C, 90£ RH 

0.00 

VeMBfy: 


Veseem StebMty Test: 

cc/40 hn, ot 

90'C 

100*C 

120*C 

135*C 

150*C 


0.1 

0-2 

0-6 

200 Orem liei Seed Test: 



Send, gm 



MMPliTilj Vi IWlPWIi 



Minimum Oetonoting Charge, gm 


Mercury Fulminate 



Leod Aside 


0.20 

Tetryl 


0.10 

MM Mwtar. % TNT: 

(•) 

12 b 

Tveeel Test, % THT: 

(b) 

125 

Mete Deet Test: 

(c) 


Method 


B 

Condition 


Cast 

Confined 


No 

density, gm/cc 


i-75 

Brisonce, % TNT 


93 

DeCeeetiee Bate: 



Confinement 

None 

None 

Condition 

Cast 

Preseed 

Charge Diameter, in. 

1.0 

1-0 

Density, gm/cc 

1-71 

1.72 

Rote, meten/second 

6475 

6700 


























1*1tonal, 8o/2Q 
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N9MV fPMVWliy 1 VHt 

vononon 

(a) 

Cast 

Tttryl, Qm 


100 

Wok, in. for c 0% Dftonoften 

0.58 

Wok, pm 

Density. gm/cc 


1.75 

Haalafi 

Combustion, col/gm 

(c) 

u*do 

iKptoion, col/gm 

Got Volume, cc/gm 
Formation, col/gm 
Fusion, col/gm 


1770 

«MlW« Hoots col/gm/*C 

(b) 


At -5°C 


0.23 

Danalty, gm/cc 


\.ik 

At ao°c 


0.31 

1— 

1 Inmiag Mia: 

cm/soc 

Tb anaai CendectMly: 

col/sec/cm/*C 
Danalty, gm/cc 

o>) 

j* 

11 x 10 

1.73 

CmHkim* of KKgaoaiao: 

Unaor, %/*C 



Voluma, %rC 




Yttag's MaMas: 

(b) 

6.67 * 10 10 

E', dynts/cm* 


E, Ib/inch* 


0.97 x 10 6 

Danalty, gm/cc 


1-72 

Caapiabt llisaglbi Ib/inch* (b) 
Danalty, gm/cc 

231*0 

1.75 


Vapor fruwMtt 

•C mm Mercury 


Do*aa*aalNao igaatlaai 

Oxygon, 0 toms/sac 
(Z/sac) 

rWBI| MWCOlOfla/ FtlOlw 

(AH, kcoi/moO 
Tamparotura Ronga, *C 



Phase 



Ama Flala laytct Tad: 

(*) 


iA- 

WF MVH1F 



9C% Inert, Velocity. H/mc 509 

>1100 

Aluminum Fineness 

100 

12 

SOMteoMlNfgMali 



Plot# Thickness, inches 

Trlalt 

i Inert 

1 

0 


>■4 

'6 

100 

Hi 

6 

33 

1 % 

0 


•an* Die* Tath 

(•) 


T7, MOAb fail Anai -Plerriag Mb* n CtaciaN: 

Mox Sofa Drop, ft 



SOfrJb Control Fargttt Bomb rt Ctacrtfa: 



Seol 

Seal 

Haight, ft 

lTTHb 


Trirlt 

2h 

1 U 

Unoffactad 

32 

1 U 

Low Ordtr 

0 

0 

High Ordtr 

2 

0 

1000-* flaaartl Pargets Ma* at CatciUtt 




Seal 

Haight, ft 


5 *o6o 

TrioH 


24 

Unoffactad 


23 

Low Ordtr 


0 

High Order 


1 
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PpagnMaHHaa Test? 



ft smi MfcMFI Pnfrrtis, 

UtWCflt 


Dmzify, pm/ cc 

- 

l.Tl 

OwrgaWt.* 


2.272 

TeeatMe. e# ffapmemta 



for TNT 


m 

for Subject HI 


616 

S Mb HE, M42A1 NJmM 

a. Let KC-ft 


Density, gm/cc 


1.TS 

Chorg* Wit. lb 


0.91k 

Tetet Ms ef Npniht 



for TNT 


51* 

For SubjMt HE 


W5 

Vlhil^: ft/Mc 

At 9 ft 

At 2$H ft 


2 k 6 o 

23 B 0 

Density, gm/cc 


1 .T 2 

Mast (HeMve is TMTh 


W 

Ain 



Peak Pressure 


uo 

Impulse 


115 

Energy 


119 

Air, CamMae* 



ImpuM 


130 

IMmWM 



Psok Pressure 


105 

tmpulsa 


118 

Energy 


V.9 

Pack Pressure 


117 

Impulse 


127 

Energy 


136 


feaped Charge 1 

HMtoeaaee, TNT ss ICO: 


Gtac Cones Steel Cones 

HotoVotum. 


Hotet*** 


Cton 

Gray 

Prfaslpri IM 

OP bomba 

t 




Cast 


UaJtat DaM&Tt x 1.65-1*72 


...I 

msmoc 

t*y 

Hozord Ckms (Qi ontity-Dtarance) 

Claes 9 

Compatibility Gniup 

Group I 

Exudation 



Preparation: 

TW.to.ial la prepared by adding TlfT and 
aluminum aeoerately to a steen-Je^keted salt 
kettle equipped with a stirrer. Heating r>t 
the kettle and mixing of the ingredients are 
continued until all the TUT la malted. When 
the viscosity of the mixture la considered 
satisfactory (about 85°C), the tritons! la 
poured Into projectiles or bombs the same as 
THT. 
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Trltonal, 60/20 


Origin: 

The Addition of aluminum to Increase the pow of explosives was proposed by Sseales In 
1899 and patented by Roth In 1900 (German Patent 172,327)* Some recent studies, directed 
towards establishment of the optimum amount of aluminum In the TBT/Alumlnum system, have shown 
that (l) the blast effect Increases to a maximum when the aluminum content la 30)1 (Ref g); 
the brlsance, as measured by the Sand Test, passes through a maximum at about 17# aluminum 
(Ref h); In Fragmentation Tests, no maximum It observed, additions of aluminum causing a de¬ 
crease In efficiency over the entire range from 0 % to 700 aluminum (Ref l); and (4) the imte 
of detonation of cast charges Is continuously decreased by addition of aluminum up to 40Jl 
(Ref 3 ). For all practical purposes ~t Is concluded that the addition of ldjt to 20jt aluminum 
to TOT logurores Its performance to a maximum. This conclusion is In agreement with that of 
British workers who measured performance of aluminized lOT-mixturea based on extensive Lead 
Block Test data (Ref k). 

TT1 tonal, consisting of 80jt TOT and 20)t aluminum, was developed and standardized in the 
United States during World War 1/ for use In boohs. 

References : 8 3 

(a) I» C. Smith and K. H. fyster. Physical Testing of Explosives, Part III, Miscellaneous 
Sensitivity Tests, Performance Tests, OSRD Report Bo. 5746, Z[ December 1945* 

(b) Rillip C. Keenan and Dorothy Pipes, Table of Military High Explosives , Second Revi¬ 
sion, IAV 0 HD Report Bo. 87-46, 26 July 1946. 

(c) D. P. NacDougall, Methods of Physical Testing, OSRD Report Bo. 803 , 11 August 1942. 

(d) L. C. Smith and S. R. Vial ton, A Consideration of RDOC/Wax Mixtures as a Substitute for 
Tetryl In Boosters , ROL Memo 10,303* 15 June 1949* 

(e) Coamdttee of Div 2 end 8 , BOtC, Report on HEX and Trl tonal , OSRD lo. 5406, 31 July 1945- 
^f) V. R. Tomlinson, Jr., Blast Effects of Bomb Explosives , Vk Tech Dlv Lecture, 9 April 

(g) V. B. Kennedy, R« F. Arentzen and C. V. Tklt, Survey of the Performance of TOT/A1 on 
the Bsale of Air-Blast Pressure and Impulse , OSRD Report Ho" 4649, Division 2, Monthly Report 
85t Ate- 6 , 25 January TSE'5* 

(h) W. R. Tomlinson, Jr., Develop lev Hi^h Explosive Filler for AP Shot , PATR Bo. 1290, 

First Progress Report, 19 May 1943 . 

(i) V. R. Tomlinson, Jr., Develop Bev High Explosive Filler for AP Shot , PATR Bo. 1380 , 
Second Progress Report, 12 January 1944. 

(J) L. 8 . Wise, Effect of Aluminum on the Rate of Detonation of TOT , PATR Bo. 1550, 

26 July 1945. 

(k) Amamsnt Research Dapt, Tha Effect of Aluminum on the Power of Bxploaivea, British 
Report AC-6437, May 1944 (Bcplosiverieport 5T7MJ" 
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V.lt«t Ho. U8» 


AMCP 706-177 


% 

HMX 

Nitrocellulose ( 13 . 15 % N) 

Nf troglycerin 


Molecular Weight: 

261 

70.0 

15.0 

10.7 

Oxygen Boleros: 

CO, % 

CO % 

-26 

-0.5 

2~Ni trodiphenylamine 

Triacetln 

1.3 

3*0 

Density: gm/cc Pressed 

1.T2 



V wNI« V 

C/H Rotio 


Freeing Feint: *C 

(■meet Sensitivity, 2 K| Wt: 
burtou cf Mines Apparatus, cm 

Sample Wt 20 mg 

Picatirmy Arsenal Apparatus, in. 

Sample Wt, mg 

BeiBag Feint: "C 

Refractive Index, r£ 

n£ 

^- 1 t--— TaaA. 

rninPV ifllWIini 1 VOTt 

Steel Shoe 

Fiber Shoe 

Unaffected 

Unaffected 

Vecnem Stability Test: 

cc/40 Hrs, ot 

90*C 


llifte Bullet Impact Test: Trials 

% 

Explosions 

Portials 


100 *C 

120*C 29 hours 

135*C 

150*C 

1*29 
i > 

Burned 

Unaffected 


200 Gram Bomb Send Test: 

Sand, i?m 

6S.k 

fwplosien Temperature: e C 

Seconds, 0.1 (no cop used) 

1 

5 

10 

15 


fenitilnhs! InliUllin 

•GPBWimy i« fimiDviovir 

Minimum Detonating Charge, gm 
Mercury Fulminate 
'_eod Azide 

Tetryl 

0.30 

20 


Ballistic Merter, % TNT: 



Treaxl Test, % TNT: 






75 °C International Heat Test: 

% Lou in t* Hrs 


Plate Dent Test: 

Method 


90 C Meet Test: 

% Lou. 1st 48 Hrs 

% Loss, 2nd 48 Hrs 

Explosion in 100 Hrs 

0.28 

1.12 

None 

Condition 

Confined 

Density, gm/cc 

Brisance, % TNT 




IFWivBMPnBPO 

Confinement 

Condition 

Charge Diameter, in. 


Flammability Index: 


Hygroscopic By: % 


Volatility: 

Density, gm/cc 

Rote, meters/second (calculated) 

8500 


‘ootnote c:. folicving pag* 





























AMCP 706-177 Vlfx Wo. US* 


iMNr SensMefey TiKj 

Condition 

Tetryi, 9 m 

Wax, in. for 50% Detonation 

Wax. gm 

Density, gm/ce 

Oxygen, otoms/sec 
(Z/ssc) 

Hoot, ki locatorie/me!e 
(AH, kcol/mol) 

Temperature Range, *C 

Phase 

Moot aft 

Combustion, col/gm 

Ci^leoion, col/gm 

Got Votumo, cc/gm 

Formation, eol/gm 

Fusion, col/gm 

2359 

1226 

Aimer Plate Imgict Test: 

50% Inert, Velocity, ft/sec 

Aluminum Fineness 

Covreeelon at Rupture: < 

6.26 

Plate Thickness, inches 

Work to Produce Rupture: 
ft-Ib/inch"* 

9.62 

1 

>v« 

>V4 

Hi 

cm/toc 

Bemb Dug Test: 

co«/soc/cm/'C 

XI, H00>> Semi Aimer Piercing Bemb n Csacieto: 

mm -f — 1 — 


Max Safe Drop, ft 

llnoor, %/*C 


iMJk Ammmflml Bufigii «« CmAftflim* 

dwonm mPSWmv * mv^ven wi^p emwararn* 

Volume, %/*C 


Height, ft 

Triols 

Unaffected 

Hoidaess^ Mebs^ Scale* 

Yeung's Modules: 

E', dynes/cm* 

E, Ib/inch* 

Density, gm/cc 

0.2b x 10 10 

C 35 x 10 5 

Low Order 

High Order 

1000-% General Pvrpeee lemb n Ceacrete: 

Height, ft 

Trials 

Unaffected 

- Cempeeerito Strength: lb/inch* 

2720 

Vapor Prossoro: 

*C mm Mercury 


Low Order 

High Order 

♦Kerne assigned by Dr. Mar M. Jones, formerly 
of PA; based on original development by 

James H. Veltaan. 
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Vilta No* hkQ 


AXCP 706-177 


I mi Mt* M7J1 

DmNy # 9m/cc 
Charge Wt, 3? 


NmMi, Let WC-tl: 


For TNT 
For Subject HE 

I lock HI* M41A1 fo)esHto, 

Density, gm/cc 
Charge Wt, lb 

Tstel Ho. of 

For TNT 
For Subfect HE 


ftogmset Voisdfyr ft/soc 
At 9 ft 
At 25ft ft 

Density, gm/cc 


Most UUhUvo 0» TMTh 
Air: 

Rook Pressure 

Imputes 

Eiwrgy 

Alt, C— W —4i 
ImpulM 

Under Water: 

Pmk Pressure 

Impubo 

Energy 


Lot KC4t 


SM Cbotgs PfoObMMt. TKT=x100t 
GIom Come Stool Cones 

Holt Votumo 
Hois Depth 


Oronge 


ii High Btchonlool strength 
■schinoble explosive 


Pressed 


Lsstlsg PssHyi gm/cc 

At 6,700 pel 

1.72 

w. 


Method 

Dry 

Hosord Class (Quantity-Distance) 


Compatibility Group 


Exudation 

None 

Ms chi nobility 

Excellent 


Peak Pressure 

ImpulM 

Efwtgy 


ITT 
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Veltex No. 448 


Preparation: 

Use preparation of this class of explosive compositions Is illustrated by the memod used 
for Veltex Wo. 448: Place 675 cc of water in a slurry kettle equipped vith an agitr»t-r-. Add 
5.85 gm of 2-nitrodlphenylamina and agitate for several minutes to obtain dispersion. Then 
add 93*7 gm of water-wet nitrocellulose (dry weight 67*5 gm) in small portions. P~iae the 
temperature to 48°C and maintain this temperature, but continue the agitation. A mixture of 
48.2 gm of nitroglycerin and 13.5 gm of triacetin is added over a 5-minute period, with the 
mixing continuing for an additional 10 minutes at 48°c. Ihe IIMX (350 gn) ic ^dded over a 
5-ndnute period vith agitation continued for 30 minutes at 48°C The slurry i3 cooled to 
room temperature and filtered. The filter cake ie dried to a moicture content between 8$ and 
12 $. Ihe incorporation of this mix is completed r rolling 50 gm portions at a temperature 
of approximately 90°C* Ihe finished coll d Is then preheated on a heat table sl 66°C. In¬ 
crements of 25 gm each are pressed a'* 6700 psi for four minutes at 71°C. A cylinder is then 
built up by pressing together four 25 g^. increments for a dwell time of 15 minutes. 

Origin; 

Veltex is the name given to a series of closely related nitrocellulose compositions pre¬ 
pared in 1957 at Picatinny Arsenal by the solventless process used for propellants. These 
conposltlon* ell contain a high percentage of solid high explosive. They were investigated 
to determinate the suitability of the Holtex type explosive developed by Hispano Suiza of 
Switzerland, France and Spain, but for which the composition was not reported (Ref a). Com¬ 
positions similar to Veltex No. 448 and containing 6($ to 80 $ HMX, with either nitroglycerin 
or triethyleneglycol dinitrate as colloiding agent for nitrocellulose, have also been prepared. 
In general these compositione showed lower heat stability than that of conventional high ex¬ 
plosive compositions. 

Reference: 84 

(a) U.S. Air Intelligence Information Report IR-269-55> Holtex--Hispano Suiza Explosive , 

4 May 1955- 


footnote l, page 10. 
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